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PREFACE TO THE FIRST EDITION. 


Haying been repeatedly requested by former pupils to publish 
the lectures on Analytical Chemistry given by me at this Institute 
since 1882, and not having time to do it myself, I permitted the 
**Verein des Polytechniker ” to print in manuscript form the notes 
of one of my students. 

This output met with such a friendly reception that in 1888 a 
second edition became necessary. Subsequently I decided to pub- 
lish the material in book form, with a radical rearrangement; se 
that this text-book of Analytical Chemistry represents a somewhat 
amplified repetition of my lectures. 

This little book is intended not only for laboratory use, but also 
for self-study. With each element the mineralogical occurrence, 
crystalline form, and isomorphous relations are briefly mentioned. 
Then, after explaining the reactions, I give the methods of separa- 
tion in the form of tables; because, contrary to the views of many, 
I have in this way obtained the best results in teaching. These 
tables are summarized charts with which the student can quickly 
find his bearings. 

Much weight will be placed upon the determination of the sensi- 
tiveness of the single reactions, as is explained on page 34, because 
the beginner becomes in this way at once familiar with the solubility 
of the most important salts, and also with simple stoichiometrical 
calculations. Thus the approximate solubility of potassium chlon- 
platinate, for example, is found from the following determination of 
the sensitiveness of the reaction by which it is formed: 

If 100 ccm. of the solution contain 0.156 gm. potassium, one 
finds that the formation of the chlorplatinate, at ordinary temperar 
tales, only takes place on addition of a little alcohol; but on in- 
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creasing slightly the amount of potassium in solution, it takes 
place immediately. We can, therefore, assume that the solution, 
which contains 0.156 gm. of potassium per 100 c.o. water, is satu* 
rated with chlorplatinate; hence the amount of the latter may be 
calculated: 

K,:igPtCl,- 0 . 156 :»; 

78.3 : 4S5.8»0. 156 :x; 

*=0.97. 

The result shows that 100 c.c. of water, at ordinary temperatures, 
dissolve 0 . 97 gm. of K^PtClj, wlulc accurate determinations at 20° C. 
have given the value 1.12. The difference, about 12 per cent., is 
explained by the facts that we did not work at exactly 20° C., nor 
with absolutely pure water; the solution also contains an excess of 
chlorplatinic acid, whereby the solubility of the potassimn chlor- 
platinate is diminished; but at the same time the values obtained 
in this way permit a very good comparison of the solubilities of the 
different salts. From the sensitiveness of the reaction between a 
potassium salt and tartaric acid, the solubility of the potassium 
acid tartrate may be found to be 0.38; so that the solubiUty of the, 
potassium chlorplatinate is to that of the potassium acid tartrate as 
0.97 : 0.38; the potassium tartrate is about three times as insoluble 
as the chlorplatinate, etc. 

The size of the book does not permit going into the mierochemi- 
cal detection of the different elements. Wc have, however, in the 
excellent work of H. Behrens, "Anlcitung zur mikrochcmischen 
Analyse,” a reference book of the highest rank. 

In publishing this, the first volume of the work, 1 beg of my 
colleagues and fellow chemists to kindly inform me of any erroiB or 
omissions. 

F. P. TBEADWEUto 

Zurich, April 29, 1899. 



PEEFACE TO THE SECOND EDEDION. 


The material has been carefully revised, and much that is new 
has been added, but the arrangement of the subject-matter is the 
same. 

The request which I made of my colleagues and fellow chemists 
to inform me of errors has been in a largo measure complied with, 
especially by Prof. E. Bamberger, Prof. E. Constam, Prof. W. Wis- 
licenus of Wurzburg, and Dr. Schudl in Vienna, for which I wish in 
this place to express my heartiest thanks. 

To my assistant, Mr. O. Brunner, I am very grateful for zealous 
help in reading the proof. 

F. P. Treaj>weui. 

Zurich, September, 1901. 
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The translator wishes to express his sincere thanks to Professor 
Treadwell for his kindness and good wishes with regard to the 
preparation of this translation, to Professor A. A. iNoyes, Professor 
Henry Fay, and Mr. II. S. Walker of the Massachusetts Institute 
of Technology, for their advice and criticism of the proof, and 
especially to Dr. W. 0. Holway of Newton Centre for his many 
valuable suggestions. 
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QUALITATIVE ANALYSIS 


GENERAL PRINCIPLES. 

By Chemical Analysis is understood all those operations which 
are performed in order to determine the constituents of a chem- 
ical compound (or a mixture of chemical compounds). Chemical 
Analysis is subdivided into Qualitative Analysis and Quantita* 
tive Analysis. 

Qualitative Analysis treats of the methods for determining 
flie hature of the constituents of a substance, while Quantitative 
Analysis treats of the methods for determining in what propartim 
the cdhstituents are present in any compound or mixture of 
compounds. 

In order to recognize a body we change it, usually with the help 
of a substancer of known nature, into a new compound which pos- 
sesses distinctive properties. This transformation we call a chemi- 
cal reaction; and the substance by means of which the reaction is 
brought cUiout, the reagent. 

We distinguish between reactions in the wet way and reactions 
in the dry way. 

I. REACTIONS IN THE WET WAY. 

For the purpose of qualitative analysis only such reactions: 
are applicable as are easily perceptible to our senses. A reaction 
is known to take place — 

by the formation of a precipitate; 

(6) by a change of color; 

(c) by the evolution of a gas. 
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A precipitation always takes place when an inaoluble substance 
is formed by means of a chemical decomposition. If dilute sulphuric 
acid is added to a solution of a barium salt, a white powdery pre- 
cipitate of barium sulphate is obtiuned: 

BaCl,+H^O«=2Ha-|-BaSO,. 

On the other hand, soluble lead salts also give with dilute sulphuric 
acid a white powdery precipitate: 

Pb(N0,),+H^0«-2HN0,+PbS04. 

Sulphuric acid, therefore, is a reagent for both barium and 
lead compounds. But in order to determine whether the precipi- 
tate formed is barium sulphate or lead sulphate it must be sub- 
jected to a further test, because both substances look alike. If 
they are heated on charcoal with addition of sodium carbonate, 
they behave very differently; the lead sulphate is reduced to a 
metal, and the barium sulphate is only changed to carbonate. 

It follows from this example that one must never be content 
with a single reaction for the detection of a body, but its presence 
must be verified by a confirmatory test. • 

If to a solution of ferrous chloride (obtwned by the solution of 
metallic iron in hydrochloric acid) some sodium hydroxide is added, 
a greenish-white precipitate of ferrous hydroxide is formed: 

FeCl, + 2NaOH ■= 2Naa + Fe(OH)„ 

which, on standing in contact with the air, changes to dark green, 
almost black, and finally becomes brown, the corapoxmd having 
been oxidised by means of atmospheric oxygen to ferric hydroxide: 

2Fe(0H),+H,0+0=2FB(0H),. 

Onm 

If chlorine water is added to the green solution of ferrous chlo- 
ride, a change of color takes place, due to the oxidation of the fer- 
rous salt to a ferric one: 

FeCSj + Cl Fedj. 

Qreen Ydlow 

If now sodium hydroxide is added to the yellow solution, the 
brown preciptate of ferric hydroxide is inunediately formed: 

FeCl,+3NaOH-3Naa-l-Fe(OH),. 
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Sodium hydroxide is, therefore, a reagent for ferrous as well as 
for ferric salts; arid although the two precipitates cannot be mis- 
taken for one another, yet, for the sake of certainty, it is advisable 
that the beginner should make a confirmatory test. 

We saw that the green ferrous chloride wa8*changed by means 
of chlorine water into the yellow ferric salt, and recognized that a 
reaction had taken place by means of the change in color. Color 
reactions in the wet way occur very often because of an oxidation, as 
in the case just mentioned; but, conversely, they may take place 
in consequence of a reduction. 

We shall constantly have to perform oxidations and reductions, 
so that we will briefly mention the most important methods. 

Oxidation. — ^We oxidize a compound when we increase the 
proportion of its oxygen or acid-forming element (or group). 
Ferrous oxide on heating in the air becomes ferric oxide: 

2FeO+0=Fe,0,. 

By dissolving these two oxides in hydrochloric acid the ferrous 
oxide becomes ferrous chloride and the ferric oxide forms ferric 
chloride: 

Fe0+2Ha=FeCl,+H,0, 

Ferroui oxide FerrouB chloride 

Fe-O 

^+6HCl=»2FeCl,+3H,0. 

Fe-0 

Ferric oxide Ferric chloride 

. Since the ferrous chloride, obtained from ferrous oxide by 
replacement of oxygen by chlorine, is readily changed into ferric 
chloride (which we obtained from ferric oxide), the change of 
ferrous chloride into ferric chloride is also considered an oxidation, 
although oxygen itself does not take part in the reaction. 

The most important oxidation agents are — 

1. Halogens; 

2. Nitric Acid; 

8. Hydrogen Peroxide; 

4. PoVtanum Permanganate; 

6. Potasaum Dichromate. 
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GENERAL PRINCIPLES. 


1. The oxidizing action of the halogens depends either upon 
their direct addition: 

FeCl,+Cl=FcCl„ 

or the halogen decomposes water, forming, for example, hydro* 
chloric acid and oxygen: 

H,0+Cl,=2HCl+0. 


Thus the oxidation of ferrous sulphate by means of chlorine water 
may be expressed by the equation 


FeSO« 

FeSO^ 


+a,+H^,=2Ha+ 



2. The oxidizing action of nitric acid depends upon the fonnati(m 
of the anhydride, which then breaks down into nitric oxide and 
oxygen: 


2HN0,=H,0+NA, 

NA=2N0+30. 


Suppose, for example, we wish to oxidize ferrous sulphate to ferric 
sulphate by means of nitric acid, we must add, then, to every 
2 FeS 04 one more SO*: 


Fe^SO* 

Fe-SO* 


+80** 



The SO* necessary for this reaction may be obtained from sulphurio 
acid (which we add to the solution) by oxidizing its hydrogen atomsi 

H,S0*+0-H,0+S0*. 

Consequently the equation in its simplest form would be 
|gg;+H^*+0=.H,0+Fe,(S0*),. 


Since we detire, now, to use nitric acid as the oTidiging agmt, two 
molecules of which furnish three atoms of oxygen, the true reaction 
is expressed by the equation * 

6FeS0*+2HN0,+3H,S0.-4H,0+2N0+3Fe,(S0*),. 
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3. The oxidizing action of hydrogen peroxide depends upm its 
decompomtion into water and oxygen: 


HA=H,0+0; 

for example, 

2FeCl,+2Ha+HA=2H,0+2FeC!l,. 

4. The oxidizing action of perman^ic acid depends upon the 
splitting off of the anhydride, which is then decomposed into 
manganous oxide and oxygen: 

2 HMn 04 = H, 0 + MnjOj, 

Mn,0, = 2MnO + 50. 

On adding to a colorless acid solution of ferrous sulphate some of 
the intensely red-colored solution of potassium permanganate drop- 
by drop the red color disappears instantly on stirring, and remains- 
permanent only when all of the ferrous salt is changed to ferric salt. 
The appearance of the red color of the permanganate shows, there- 
fore, the complete oxidation of the ferrous salt. The reaction, 
which takes place may be represented by the following equation: 

2KMn04 + lOFeO = K,0 + 2MnO + 6Fe,0,. 

There must, however, be sufficient acid present to dissolve the 
oxides which are formed. The true reaction is, therefore, 

2KMnO4+10FeSO4+8H,SO4-K^4+2MnSO4+6Fe,(SO«),+8H,O. 

In alkaline solution the reaction goes somewhat differently: two 
molecules of the permanganate giving up three atoms of oxygen, 

• being reduced only to MnO,: 

2HMn04-H,0-|-Mn,0„ 

Mn,0, — 2MnO, + 30. 

5. The oxidizing action of chromic acid depends, dmilarly, upon 
the decompotition of chromic anhydride into oxygen and green 
chromic oxide: 

2G!rOg *■ CkjOg + 30. 

Thus ferrous salts, in cold, acid solution, are immediately oxidised 
to ferric salts: 

2Cr0,+6Fe0-Cr,0,+3Fe,0,. 
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For this oxidation potassium dichromatc and a mineral acid are 
employed, the purpose of the latter being, in the first place, to set 
free. the chromic acid; and, furthermore, to keep the oxides formed 
in solution. The oxidation of ferrous sulphate to ferric sulphate 
by means of potassium dichromate is represented by the following 
equation: 

K,Cr,0,+6I’eS0«+7H,S0, 

=7H,0+K,S0*+Cr,(S0,),+3Fe,(S0«),. 
Reduction. — ^We reduce a compound by subtracting oxygen 
or an acid-forming element (or group) from it. Ferric oxide, for 
example, when heated with charcoal is changed first to ferrous 
oxide, and finally to metallic iron; 

Fe,0,+C=C0+2Fe0, 

2FeO+2C=2CO+Fe,. 

In the same way, the change of a derivative of the higher oxide back 
to one of the lower oxide is called a reduction. Thus the with- 
drawal of chlorine from ferric chloride is a reduction: 

Fea,-Cl=FeCl,. 

The most important reducing agents are : 

1. Nascent Hydrogen; 

2 . Sulphurous Acid; 

3. Hydrogen Sulphide; 

4. Stannous Chloride; 

5. Hydriodic Acid. 

1. Reduction by means of hydrogen may take place in acid, * 
alkaline, or neutral solution. 

(a) In acid solution, by the employment of zinc, etc. : - 

Zn-i-H^ 04 =ZnS 04 +H,. 

Thus silver chloride may be readily reduced to metal: 

2AgCl + Zn -(■ H 3 SO 4 = ZnS04 "i" 2HC1 'i' A^, 

and arsenious acid may be changed to arsine (arseniuretted hydro- 
gen); 

As, 0 ,+ 6 Zn+dH,S 04 = 6 ZnS 04 -l- 3 H, 0 + 2 AsH,. 

(&) In alkaline 'solution, by means of zinc, aluminium, sodium 
amalgam, or, best of all, Devarda’s Alloy (Cu»50, Zn<=>5, Al— 45 ): 
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this Alloy is so brittle that it can be easily powdered in a mortar, 
making it easy to employ small amounts. This reduction also de* 
pends upon the formation of nascent hydrogen: 

Zn + 2NaOn - Zn(ONa), + H„ 
Al+3NaOH=Al(ONa),+3H. 

In the case of Devarda’s Alloy, an electrical action comes into play, 
whereby the reaction is completed much more quickly than by the 
use of either zinc or aluminium alone. Nitrates and chlorates may 
be reduced in a few minutes by means of Devarda’s Alloy and a 
few drops of sodium hydroxide; the reaction also takes place in 
neutral solution, but it takes conuderably longer: 

KN0,+4Zn+7K0H=4Zn(0K),+2H,0+NH„ 

KC10,+3Zn+6K0H=3Zn(0K),+3H,0+Ka 

2. Reduction by means of sulphurous acid takes place in mod- 
erately acid solution, aiid depends upon the fact that SO, readily 
takes on oxygen and becomes SO, (S0jH-0=S0^, which forms 
with water sulphuric acid. Ferric salts are readily reduced by this 
reagent: 

Fe,(S 04 ),+ 2 H, 0 +S 0 ,= 2 H,S 0 ,+ 2 FeS 04 . 

In the same way, arsenic anhydride and many other substances are 
reduced very readily and completely by means of SO,; 

Ab,0,+2H,0+2S0,=2H,S04+As,0,. 

An excess of aqueous sulphurous acid is added to the solution 
which is to be reduced; it is then heated to boiling; and the boiling 
is continued while a stream of carbonic acid gas is passed through 
the solution imtil the excess of sulphurous acid is driven off. 

3. Reduction with hydrogen sulphide depends upon its eaqr 
decomposition into water and sulphm: 

H,S=H,-|-S. 

This method of reduction- is seldom employed in analytical 
chemistry because of the difficulty in filtering off the separated 
sulphur. Many metals are precipitated as sulphides from weakly 
add solutions by hydrogen sulphide. If the solution, however, 
eon^ns oxidizing agents (such as nitric acid, chloric add, chromic 
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add, etc.), these will be reduced by the hydrogen sulphide with 
separation of sulphur. The sulphide obtained will be largely 
contaminated with sulphur, which renders the subsequent exami- 
nation more difficult. If the solution contains no metal which is 
precipitated by hydrogen sulphide, but contmns oxidizing agents, 
it will still cause separation of sulphur. One is often in doubt 
whether there is not some sulphide mixed with the sulphur, and is 
therefore obliged to examine the precipitate further, which is often 
xmnecessary if the oxidizing agent is previously destroyed. Hydro- 
gen sulphide reduces 


Halogens: H^+CH, =2HC1+S; 

Nitric Acid: 2HNO,+3H^ =4H,0+2N0+3S; 

Chloric Acid: HC10,+3H^ »=3H,0+Ha+3S; 

Ferric Salts: 2FeCl,+H^ =2Ha+2FeCl,+S; 

Chromic Acid: 2CrO,H-3HjS =3H,0+Cr20j+3S; 

Permanganic Acid : 2 HMn 04 + SHjS = 6 HjO + 2 MnO + 5S, 

and many other substances. 

4. Reduction with stannous chloride takes place usually in acidt 
solutions. The reduction depends upon the faot that stannous 
chloride is readily changed to stannic chloride : 


Sndj + dj “ SnCl 4 . 

Ferric salts, chromates, permanganates, mercuric salts, and many 
others are reduced in this way: 


2FeCl, + SnCl, - SnCl 4 + 2FeCl, ; 

Yellow Colorloss—green 


2CrO|“l* 12HCl"l"3SiiCl2“3SiiCl4"f’6H20"l“2CrCljj 
YMlow Qteen 

2HgCl,+SnCl,= SnCl 4 +Hg,Cl, 

ColoriaM Waite pieoipitate 

Hg,Cl,+SnCl,=SnCl4+2Hg. 

“ anyptaoipitata 

5. Hydriodic acid also is a strong reduting agent, bdng esaly 
decomposed into hydrogen and iodine: 


HI-H+I. 
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Fenic salts, under certain conditions (see page 11), may be quanti- 
tatively reduced in this way to ferrous salts: 

2FeCl,+ 2HI-2HCl+2FeCl, +1,. 

As, however, iodine is an oxidizing agent, under other conditions 
the ferrous salt can be changed back into ferric salt, so that the 
reduction then will not be quantitative. But it is very important 
for the analyst to perform all reactions so that they take place 
as nearly as possible quantitatively. How this may be brought 
about by chan^ng the conditions of the experiment is shown by 

The Law of Chemical Mass Action. 

If, for example, we allow chlorine to act upon phosphorus tri- 
chloride in the cold, solid phosphorus pentachloride is formed : 

PC1,+C1,-PC1,. 

If, however, the phosphorus pentachloride is heated, it is decom- 
posed into chlorine and phosphorus trichloride; 

pci,=pci,+ca,. 

The reaction accordingly is remtMe, which may be represented 
by writing the equation as follows: 

PCl,?=fcPCl,+Cl,. 


We use, instead of the sign of equality, two arrows pointed in oppo- 
tite directions, signifying that the reaction may take place in the 
sense either of from left to right, or from right to left. Similar to 
phosphorus trichloride, there are a large number of other sub- 
stances which on heating decompose into their components, and 
unite again on cooling. 

St. Claire Deville (1857) designated this phenomenon DUaocia- 
rion. Ammonium chloride, on volatilization, is dissociated into 
ammonia and hydrochloric acid, and the dissociation increases 
with rise of temperature until, at a sufficiently high heat, it is 
complete. For every temperature, the ratio of the undiaaociated to 
the diaaociated part ia a amatard. 

Let us return to our first example, the phosphorus pentachloride. 
If we designate by [PCI,] the number of undecomposed gram-mole- 
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cules of phosphorus pentachloride per liter, by [PCIJ the num- 
ber of gram-molecules of trichloride, and by [CIJ the number of 
gram-molecules of chlorine in the same volume, then the quotient 

[pcyxfcy 

[Pcw 

is a constant at any definite temperature. 

If, ther^ore, we desire to volatilize phosphorus pentachloride 
so that the least possible dissociation will take place, the above 
equation shows us how this may be brought about. 

If 'either [PCI 3 ] or [CI 2 ] be increased, then in order that the 
value of the fraction 

rpciaixrcy 

[PCW 

renuuns constant, it is evident that the concentration [FGI 5 I must 
become greater; or, in other words, the dissociation of the penta- 
chloride becomes less and there will be practically no dissociation 
if the pentachloride is volatilized in an atmosphere of phosphorus 
trichloride or of chlorine. In this way Wurz obtwned for the den- 
sity of phosphorus pentachloride 6.80-7.42, instead of the calcu- 
la^ value 7.2. 

IMssociation may be brought about by solution as well as by 
volatilization; and in this case the dissociation increases with the 
(Khition. For example, if the mineral camallite (MgClz ■ KCl +6H2O), 
wluch occurs at Stassfuit, be dissolved in water and the solutioh. . 
allowed to evaporate until a salt begins to crystallize out, we shall 
find that inster^d of obtaining crystals of camallite we obtain those 
of potassium chloride. Camallite is dissociated in aqueous solution 
into easily soluble magnesium chloride and the far less soluble 
potassium chloride which separates out: 


MgCl 2 -KCl^=iMgCl 2 +KCl. 


For every concentration the degree of dissodation is a constant. 
If we designate by [MgCl 2 ■ KCl] the number of gram molecules per 
Bter of undecomposed camallite, by [MgClz] the number of gram 
molecules per liter of rruignesium chloride, and those of potassium 
chloride by [KCl], the equation holds: 


[MgCyxEKCl] 

[MgClz-KCl] 


a constant. 
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If we wish, therefore, to recrystallize carnallite we must prevent 
its dissociation by increasing either [MgCl 2 ] or [KCl].* As a matter 
of fact, the mineral is recrystaliized at Stassfurt from a 23 per cent 
magnesium chloride solution. 

The reduction, mentioned on page 9, of ferric salts by means of 
hydriodic acid represents, similarly, a reversible reaction^ 

2FeCl3 +2HI 2FeCl2 +2HC1 +I 2 , 
and for every degree of concentration the following equation boldat 

«>a constant. 

If we desire to make the reaction take place from left to right 
quantitatively, the concentration of the hydriodic acid should be 
increased whereby that of the ferric chloride becomes diminished. 
In fact, by employing a large excess of HI f the ferric salt may be 
quantitatively reduced to ferrous salt, and this reaction is made 
use of in the quantitative determination of iron. 

This law of Chemical Mass Action was first enunciated by Guld- 
berg and Waage (1867), and holds for all reversible reactions 
whether they take place by volatilization or by solution. 


[FeCl2PX[HClpx[l2] 
[FeClaPxLHip " 


Theory of Electroljrtic Dissociation* 

If we insert between the poles of an electric batteiy a piece of 
rock salt or some pure distilled water, there will be no electric cur- 
rent in the circuit; a piece of fine platinum wire placed in the circuit, 
will not be made to glow. The solid rock salt, as well as the dis- 
tilled water, are non-conductors of electricity; they are non-electro- 
lytes. If, however, we dissolve rock salt in distilled water, and 


* In reality an increase of [KG] will not accomplish the desired result, 
because potassium chloride is more insoluble than either carnallite or mag- 
nesium diloride. 

t Ferric chloride is to be reduced to ferrous chloride; t.s., [FeGj must be 
made as small as possible. If we wish to oxidize all of the hydriodic add, 
then [FeGJ must be made as large as possible, whereby [HI] becomes prao-- 
tioally zero. 
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then insert the solution between the poles of the electric battery, 
the platinum wire will be brought to a bright glow, showing that 
the salt solution is a good conductor of electricity — an electro- 
lyte. It is thereby proved that by dissolving the non-conducting 
rock salt in non-conducting water an essential change of the former 
has taken place. We can make the same observation with all acids, 
bases, and salts. In an anhydrous state they ^ non-electrolytes, 
while in aqueous solution on the other hand, they are electrol}rtes. 
These phenomena are readily expluned by the theory of elec- 
trolytic dissociation proposed by Arrhenius j* in 1887. According to 
this theory, all electrolytes are partially decomposed in aqueous 
solution into electrically-chargcd atoms or atom-groups called 
ions; and the extent of tlus dissociation increases with dilution, 
until with very great dilution it is practically complete. For 
every degree of dilution there erdsts a certain state of equilibrium 
between the ions and rmdissociated molecules. 

When the non-electrical rock salt is dissolved in water, it breaks 
up, according to the equation 

NaCl?=tNa--i-Cl', 

into positively-charged sodium ions and negatively-charged chIo< 
rine ions. 

All salts, acids, and bases behave like rock salt. Thus sodium 
sulphate decomposes according to the equation 

# 

NaaSOi Na' -fNa’ +S 04 % 

i '»■ 

and sodiiun hydrordde into M 

NaOHr=±Na-+OH'. 

By this theory of electrolytic dissociation the phenomena of 
electrol 3 rsis may be explained very simply: If we insert the two 
poles ot a source of electricity into an electrolyte, one of the poles, 
the atpd^, is charged with positive electricity, and the other, 
the cathode, with negative electricity. The electro-positive anode 
repels the electro-positive ions (cations) and attracts the electro- 
negative ions (anions); and the latter, as soon as they come in 

• They are also electrolytes in the fused state, 
f Z. physik. Chem. I, 681. 
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contact with the anode, give up their negative electricity, become 
non-clectrical and separate out. The same thing happens at the 
cathode, where the electro-positive ions (cations) are discharged. 
The amounts of electricity which are neutralized at the electrodes 
are always renewed by the sour<jc of the current, so that the process 
Is continuous. 

The ions alone arc concerned in electrolysis; the imdissociated 
molecules take no part in the process. Just as the transport of 
electricity through liquids is brought about only, by means of 
the ions, it is likewise true in the majority of cases tliat it is the 
ions which cause reactions to take place in aqueous solutions; in 
fact, the reactions take place more rapidly in proportion to the 
concentration of the ions. The more ions there are present in a 
unit of volume the better the solution conducts electricity, because, 
according to Faraday’s law, equivalent ions transport equal amounts 
of electricity. 

If, for example, the conductivity of two acids at the same con- 
centration is as 2:1, it follows that the former acid is twice as 
strongly dissociated as the latter. The first acid, therefore, will 
react chemically much more energetically, and for this reason we 
call it the stronger acid. 

. The degree of ionization of an electrolyte can be computed from 
its electrical conductivity. 

The strong acids and bases are very largely dissociated, while 
the weaker acids, such as acetic, carbonic, hydrocyanic, and boric, 
are dissociated but slightly. This is evident from the table on 
page 14. 

Electrolytes having polyvalent ions undergo a progressive dis- 
sociation on being dissolved in water; thus sulphuric acid in con- 
centrated solution is dissociated according to the equation 

H2S04?=tH-+HS04' 

in H* and HSO4' ions and on diluting the solution the latter are 
gradually dissociated into H* and 804^' ions, so that in dilute solu- 
tion the following may be present: A small amount of undisso- 
ciated H28O4 molecules, H’ ions, SO4" ions, and possibly some 
HSO4' ions. 

In the case of such weak dibasic acids as carbonic a(iid or hydro- 
gen sulphide, the second stage of the dissociation is scarcely reached 



CENEML PRINaPLES, 


*4 


Degree of Dissociation of Certain Electrolytes. 
A. Acids. 


Add. 

Degree of 
DiMociation. 

roAeld. 

Degree of 
Diasooiation. 

Ha 

HBr 

HI 

HNO3 

Hao, 

HQIO- 

HCNS 

1 

% 

about 90% 

HF 

HO^ 

H,BO, 

about 13% 

" 1.3% 

" .0.16% 

« 0.07% 

0.06% 

" 0.013% 


•* 44% 

V 

*• 62% 


29% 

Sh.c.0 . 


- ** 20% 

“ 66^ 



“ h,c.h.0 . 

“ 20% 


B. Basks. C. Sauis. 



Dieaooiatiolu 

Type of Salt. 

Diasooiation. 

KOH.NaOH 

about 94% 

B‘E' 

about 85% 

Ba(OH)a 

‘‘ 75% 

1.3% 

R-E/ 

R,-R^' 

R-E" . 


NH.OH 

70% 

" 46% 


even in quite dilute solutions. Carbonic acid is dissociated chieQy 
according to the equation 

H2C03?=iH+H003'. 

The dissociation 

HC03'?^H+C03" 

takes place only to an inappreciable extent.' ».< 

Exactly the same is true of hydrogen sulphide; is (fissodated 
to some extent according to the equation 

HaS?=tH-+SH', 

whereas the second stage of dissociation hardly takes place at all. 

It is altogether different in the case of neutral salts of the weak 
acids. These are largely dissociated, as follows: 

NaaCOs Na’ +Na* +C08^ 
Nai|S?±Na*+Na-+S" 

Hds explains the fact that such weak acids in the free state in 
many respects show quite different reactions than their salts. 
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Influence of Changes of Concentration upon the Dissociation 
of Electrolytes. 

If we asstune 1 gram molecule of a weak electrofyte, such as 
ammonia, to be dissolved in u liters of solution, the ammonia will 
be partly dissociated according to the equation 

NH 40 H?:±NH 4 ‘ -lOH' 

into ammonium and ‘hydroxyl ions. If a gram molecule of the 
base is dissociated in the sense of the above equation, then the 
undissociated part will amount to 1— a. 

The concentrations per liter are 

undissociatnd * dissociated 

NH40Hf=tNH4‘+0H' 

1— g a a 

V V V 

and according to the maas-adion law 

, 1— a 0 ? 

k =-3 

V tr 

""(I— a)®’ 

The constant k is known as the dissociaiion- or afflnity-conslarU; 
it is independent of the dilution and is characteristic for every 
electrolyte. The expression shows, however, that by increasing, », 
or diluting, the dissociation (a) will be made larger. 

If to the solution of the base we add additional ammonium 
ions by adding n gram molecules of solid ammonium chloride, then 
if n is considerably larger than a the degree of dissociation of the 
base will be greatly diminished, namely, from a to ai, a value which 
we can readily compute as follows: 

In the solution there is present per liter 

undiflflooiated dissociated 

NH40H?±NH4‘+0H' 

1— ai «i+n «! 

V V 9* . 

therefore 

. _ (ai+n)ai 
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If k and n are known ai can be computed: 

— (n +vk) ± V(n +vky‘ +4vk 
at 2 • 

In the case of N/10 ammonia solution the ammonium hydroxide 
is dissociated only to an extent of 1.32%, the dissociation constant 
being 0.000018. If we add to 10 liters of this anunonia solution 
2 gram molecules of ammonium chloride (107.08 gms.), then 
since the ammonium chloride is 93% dissociated at this dilution, 
we are adding 2 x0.93—1.86 NH 4 ions. If this value be inserted 
in the above equation, at becomes 0.00009; in other words, the 
dissociation of the ammonium hydroxide is diminished by the ad- 
dition of the ammonium chloride from 1.32% to 0.009%. The solu- 
tion now contains so few hydroxyl ions that it will not precipitate 
solutions of magnesium salts (cf. page 50). 

Similarly the dissociation of weak acids is lessened by' the addi- 
tion of their salts. In the case of the stronger acids and bases, the 
effect of adding a neutral salt to the solution is not so remarkable, 
because the stronger acids and bases are dissociated to about the 
same extent as their salts. 

Reactions of the Ions. 

When a solution of hydrochloric acid, or of any soluble chloride 
is treated with silver i^trate solution, a white curdy precipitate of 
silver chloride is formed: 

R- +C1' + Ag* +NO3' =- AgCl +R' +NO3'. 

In the solution at the start there are both ions and undissociated 
molecules present. The electropositive silver ions unite with the 
electronegative chlorine ions and form electrically neutral silver 
chloride, which being insoluble is thrown out of solution. This 
disturbs the equilibrium in the solution, and in order to restore 
it the reaction between silver and chlorine continues to take 
place until finally practically all of the chlorine is removed from 
the solution. 

In the above equation, if we remove the R and MO3, which 
take no part in the reaction, the equation becomes in its simplest 
form 


a'+Ag-AgCl. 
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The silver ion is a reagent for detecting the presence of chlorine 
ions. 

All compounds containing chlorine do not react with silver ions 
to form insoluble silver chloride, but only those which on being 
dissolved in water yield chbrine ions. 

If a solution of potassium chlorate, for example, be treated with 
silver nitrate solution, there will be no precipitate of silver chloride 
formed, because the chlorate is not dissociated into chlorine ions^ 
but as follows: 

KC103?^K -fClO^. 

A study of the products obtained on electrolyzing a solution is 
often a convenient method for determining the species of ions 
present, but it must be remembered that when certain atomic 
complexes, such as SO4, NH4, etc., are set free, they undergo second* 
ary reactions, so that the products obtained on electrolyzing the 
solution do not correspond to the ions originally present. Thus in 
the case of the electrolysis of aqueous sulphate solutions the SO4 
ions, when discharged by the current, decompose water with the 
evolution of oxygen, sulphuric acid remaining in solution: 

2 SO 4 +2Ha0«2H2S:04 +O 2 . 

In the same way when ammonium (NH4) is set free by elec- 
trolysis, ammonia and hydrogen arc at once formed. 

COMPLEX lO.VS. 

We learned on page 2 a characteristic reaction for ferrous salts^ 
namely, the precipitation by means of sodium hydroxide. This 
reaction is one between ions and takes place according to the equa- 
tion 

Fe • +CI2" +2 Na- H-20H'=2Na' +2C1' -f Fe(OH)2, 


or, if yre eliminate the ions which take no part, 
Fe-+20H'-Fe(0H)2. 

The hydroxyl ion is a reagent for ferr&us ions. 

If the insoluble ferrous hydroxide is boiled with potassium 
cyanide solution it dissolves, forming potassium ferrocyanide, 
K4Fe(CN)6. This salt is not a ferroitsQalt and does not give the 
characteristic reactions for Fe ions. It is the potassium .salt of 
hydroferrocyanic acid, H4Fe(CN)e- 


27 69 . 
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On being dissolved in water, the salt undergoes electrotytic dis- 
sociation, as follows: . 

K4[Fe(CN)e] ^ 4 K- +[Fe(CN)6n. 

The Fe forms an integral part of the complex feiroi^anide ion; 
on electrolysis the latter always migrates to the anode and shows 
characteristic reactions with different reagents (cf. hydrofeno- 
cyanic acid). 

Quite a number of such complex ions are met with in the study 
of analytical chemistry, and in the formuls given in this book 
such ions, as a rule, will be enclosed in brackets. 

It is the task of Qualitalive Analysis to find ovt tests for all tite 
ions which may be present and to treat of their separation. It will be 
our aim to transform these ions into insoluble compounds, into 
gases, or into characteristically colored compounds. 

Solubility Product. 

When we desire to transform an ion into an insoluble precipi- 
tate we must consider how best to carry out the operation. Shall 
we, in forming insoluble barium sulphate from a solution containing 
SO4 ions, add simply an equivalent amount of barium chloride, or 
shall we add an excess of the reagent? No precipitate is absolutely 
insoluble in water, so that a little bariiun sulphate will remain in 
solution, 'fhe solution, however, is then saturated with barium 
sulphate and contains it chiefly in the form of Ba and SO4 ions: 

lM04?=tBa"+S04". 

If we designate the concentration of the BaS04 by [BaS04], 
that of the Ba by [BaJ, and of the SO4 by [SO4], then for any definite 
temperature the equation holds: 

[Ba] X[S 04 ]«[BaS 04 ] XAi. 

If we increase the concentration of the barium ions, [Ba], then 
the equation shows that [BaS04] vrill necessarily become larger, but 
as the solution is already^ saturated with barium sulphate this will 
result in a further precipitation of the salt. The same end would 
be attained by the addition of an excess of SO4 ions. The product 
of the concentration of the ions in a saturated solution is known 
as the solubility product. When this value has not been reached, 
the solution will dissolve more of the solid substance. In the case 
of our precipitilibs the important rule holds: to diminish the solu~ 
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biHiy of a salt it is only necessary to increase the concentration of one 
of the ions into which the salt dissociates. 

The excess of reagent to be added depends upon the solubility 
'of the precipitate, and upon its tendency to form other atomic 
complexes. Thus, in pr^ipitating lead or barium sulphates, both 
of these are soluble in concentrated sulphuric acid. They are least 
soluble in the presence of a slight excess of sulphuric acid. 

In order to examine the precipitate further, it must be separated 
from the solution by means of filtration, and the general rule holds: 
The size of the filer should always be governed by the amount of the 
precipitate and not by the volume of the liquid. In cases where it is 
a matter of detecting minute traces, it is often necessary t,o work 
with large amounts of the ori^nal substance, which requirea a cor- 
respondingly large amount of liquid to effect solution. If a few 
milligrams of an unknown body arc precipitated from such a solu- 
tion, and this is filtered off by means of a large filter, it is clear that 
the tiny precipitate will be spread over the whole of the large 
filter, which would make it difficult to work with. 

Before examining such a precipitate it must be completely 
freed from all traces of the filtrate. This is accomplished by umh- 
ing. Washing must be continued until no test can be obtained 
with the wash-water for a certain substance known to be present 
in the filtrate. For example, suppose we desire to filter off some 
suspended barium carbonate from a solution which contains sodium 
sulphate; ihe precipitate must be continuously washed until a 
sample of the wash-water, acidified with hydrochloric acid, no 
longer gives a precipitate on the addition of barium chloride. As 
a rule, it is not advisable to run the wash-water into the filtrate, 
because this occasions an unnecessary dilution of the latter. The 
filter must always be smaller than the funnel, and the precipitate 
should not extend higher than to within 5 mm. of the top of 
the filter. Finally, large precipitates should be avoided as far as 
possible, for they render exact work more difficult — ^filtration and 
washing consuming too much time. 

Hydrolysis. 

Hydrolysis is the name given to the decomposing action of 
water upon many salts. Corresponding to the fact that water is a 
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poor conductor of electricity, it follonre that water is dissociated 
only to a slight extent. 

HaOjriH+OH'. 

According to Kohlrausch and Heidweiler,* the degree of disso- 
ciation at 25® C. is 1.05X10~^; in other words, 10,000 000 liters 
of water would furnish 1 gram molecule of dissociated water. 
Small as this is, it suffices to explain the hydrolysis of: 

I. The salts of weak acids with strong bases. 

II. The saits of strong acids with weak bases. 

III. The salts of weak acids with weak bases. 

The salts of strong acids with strong bases are not hydrolyzed 
appreciably. 

Hydrolysis is shown to take place by the fact that solutions 
of neutral salts corresponding to I react alkaline, those of II 
react acid, while those of III are sometimes acid and sometimes 
alkaline. 

The cause of hydrolysis is the action of the ions of water upon 
the ions of the dissolved salt. 

All monobasic salts in aqueous solution are largely dissociated 
into ions (cf . page 14) : 

MSfiM'+S', 

and the phenomenon of hydrolysis may be represented by the 
general equation 

M; +S'+[HaO] ?=k MOH +SH. 

Salt Base Aoid 

According to the mass^tion law 

[MOH]X[SH] 

. . -‘'’[M]X[S]X[HiiOr 

Siqice' the inass of the water in a dilute solution is practically 
the same both before imd after the naeUon has taken place, in the 
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above equation [HjO] may be left out,, and then instead of the 
constant K a new value will be obtained: 


[MOHlXtSH] 

■ 

The base MOH and the ac!d SH are subject to electrolytic dis- 
sociation, and the solution will react acid or basic according as to 
whether the acid or the base is most readily dissociated, i.e., is the 
stronger. 

/. Hydrolysis of Salts of Weak Acids and Strong Bases, 

The base formed by the hydrolysis is largely dissociated, while 
the acid is only slightly ionized. The above equation now takes 
the form 

[M]X[OH]X[SH] 

^ [M]X[8J • 

Since, however, the extent of dissociation in the case of strong 
bases is practically equal to that of the salts (cf. page 14) the 
value [M] can be cancelled in the numerator and denominator, and 
we obtain the expression 

/i\ V _ [OH] X[SH]_ [Base] X [Acid] 

Owing to the presence of the OH ions in appreciable amount, 
all salts of this calegory react alkaline. The alkali salts of hydro- 
cyanic acid, hydrochlorous acid, carbonic acid, boric acid, and 
hydrogen sulphide are of this type. 

II, Hydrolysis of Salts of Strong Adds and Weak Bases. 

Here the conditions are reversed, and it is the acid which is 
almost completely dissociated and the base but slightly. In this 
case the formula becomes 

i:r, [MOH]X[S]X[H] [MOH]X[H] [Ba8e]X[Acid] 
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Salts of tlus class, such as those of copper, aluminium, iron, etc., 
react acid when in aqueous solution. 

In the case of polyvalent bases both electrolytic and hydrolytic 
dissociation take place in stages: 


Electrolytic 

dissociation 


fBCl3?=lBCli+Cl' 
BCli?=tBCl-+Cr 
BCl"5=iB* +C1'. 


Hydrol)r8i8 


BCli +H2O BCI2OH +H- 
BCl" +2H2O BC1(0H)2 +2H- 

B" +3H2O ^ B(0H)3+3H-. 


Ferric, aluminium, chromic, and cupric salts, for example, react 
acid in aqueous solution. If such solutions be evaporated to dry- 
ness considerable hydrochloric acid is volatilized, and the residue 
obtained is an insoluble basic salt which can only be dissolved by 
means of acid. 


III. Hydrolysis of Salts of Weak Acids and Weak Bases. 

The acids and bases formed by hydrolysis are only slightly dis- 
sociated, but to different extents. Our formula becomes 

fi\ V _ [Base] X [Acid] _ [Base] X [Acid] 

*" [M]X[S] “ [Saltp • 

If the electrolytic dissociation of the acid is greater than that 
of the base, the solution reacts acid; and conversely, when the 
base is stronger than the acid the solution of the salt shows an 
alkaline reaction. 

Neutral'^i^c acetate in a boiling, aqueous solution is completely 
hydrolyzed: * 

Fe(C2H302)3 + 2 H 5 O Fe(0H)2C2H302 +2HC2H302. 

Basic ferric acetate is precipitated and can be removed by fit 
tering the hot solution. If the solution is allowed to cool, the 
reaction tends to take place in the reverse direction and some of 
the basic salt goes into solution. Heat and dilution always favor 
hydrolysis. 
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Tho hydrolytic action of water, aa well as the mass-action law, 
may be illustrated by the following experiment: A small amount 
of water is added to a solution of antimony chloride in concentrated 
hydrochloric acid, causing a heavy precipitation of antimony oxy- 
diloride: 

Sl^+5^ ^ Sb^,-|-2Ha, 


which again dissolves on adding a little concentrated hydrochloric 
acid. Further addition of water again precipitates the basic salt| 
which will dissolve in more of the concentrated acid, etc. It is 
obvious that by increasing the mass action of the water the re- 
action goes from left to right, while by increasing the concentration 
of the hydrochloric acid it goes from right to left. 


Detection of Acids and Bases.’*^ 

For the detection of acids and bases it is customary to employ 
certain substances which change color on coming in contact with 
one or the other of the above classes of compounds. The acid re- 
action depends upon the presence of free hydrogen ions, while the 
alkaline reaction is caused by hydroxyl ions: 

HCM'+H- (reacts acid); 

NaOH?±Na'+OH' (reacts alkaline). 

For detecting the presence of acids or alkalies in aqueous solu- 
tions we make use of indicators or substances of organic nature 
which impart a different color to an alkaline solution than to an 
acid one. These indicators are, in fact, pseudo acids or bases, being 
very unstable in the form of free acid or base, and readily undergo 
a change of constitution, forming closely allied isomeric substances 
which are not dissociated. The molecule suffers a rearrangement 
of its atoms; and it has been found that in the case of all colored 


* The translator has changed the text to conform with the article on The 
Theories of Indicators, by J. Stieglits, J. Am. Chem. 8oc., XXV, 1112. 
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oiganic compounds the color is due to a particular arrangement of 
atoms called a chromophcr. 

Methyl orange is an amphoter and is capable of forming salts 
with both acids and bases, but its indicator characteristics are due 
to its very weak basic properties. The neutral solution of its sodium 
salt is used as an indicator. In this sensitive neutral solution we 
have a condition of equilibrium between the two isomeric forms of 
methyl orange as expressed by the equation 

SO,CoH 4 N :NCeH 4 N(CH 8 ) 2 HOH;=iSO,CeH 4 NH • N rCeH^ :N(CH 3)20 • H. 

The formula on the. left is yellow in color and its color is due to 
the azo group N:N, while the other compound is red, having for 
its chromophor the quinoid group :C6H4:. 

The sodium salt of methyl orange is yellow and has the formula 

NaSOa • C6H4N : N • C6H4N(CH3)2, 
and when decomposed by acids the free sulphonate 
SO3 • C6H4NH . N : C6H4 : N(CH3)2 

I ; 1 

is formed, which is red. 

The red quinoid form is ionized as a weak base and forms red 
salts with acids. It does not form salts readily with weak acids, 
such as carbonic or acetic acid, because, as we have seen, salts of 
weak bases and weak acids are hydrolyzed. This is why methyl 
orange is not a sensitive indicator for weak acids. As a very weak 
base it will be driven readily out of its red salts by other weak 
bases; even weak ones and the free base will revert again to its 
yellow form, the result being that methyl orange is an excellent 
^indicator for weak bases. 

Phenolphthalein, another valuable indicator, is a very weak 
acid. The free acid, however, is unstable, and when set free from 
one of its colored salts reverts instantly into a colorless lactoid 
form: 

HOOCC6H4C(CoH40H) 
aed 

The red color is in* this case also due to the quinoid grouping 
K!!sH 4: . In the case of the free acid, the condition of equilibrium 


:CeH4:0 00CC8H4C(C8H40H)2. 



HYDROLYSIS. 


* 5 / 


favora the lactoid form, and only minimal quantities of the quinoid 
acid are present. This trace of quinoid acid is ionized and in 
equiUbrium with its ions: 

H 00 CC 6 H 4 C(C 8 H 40 H) :C8H4:0?=iH- 

f 00 CC 6 H 4 C(C 6 H 40 H) K 39 H 4 :0'. 

The addition of an alkali causes the hydrogen ions to disappear, 
more of the quinoid molecules must be ionized to preserve equilib- 
rium, and the quinoid molecules in turn be reproduced from the 
lactoid as fast as the former are converted into the salt. Phenol- 
phthalein is a very sensitive indicator towards acids, but on 
account of being such a weak acid it docs not form stable salts 
irith weak bases. 

Besides these indicators, others are often employed, among 
which may be mentioned Litmus and Lackmoid, which are red 
with acids and blue with alkalies; and Turmeric, which is brown 
with alkalies and yellow with acids. 


II. REACTIONS IN THE DRY WAY. 

These reactions are employed chiefly in the so-callcd "prelimi- 
nary examination,” in testing the purity of precipitates, and in the 
examination of minerals. The most important reactions of this 
nature consist in the testing of a substance with regard to its — 

1. Fusibility; 

2. Ability to color the non-luminous Bunsen flame; 

3. Volatility; 

4. Behavior towards oxidation and reduction. 

In order to carry out these reactions it is customary to use the 
non-luminous gas flame; and to understand the operations to be 
described it is necessary for us to know something about the com- 
position of illuminating-gas and the nature of the flame. 

Illuminating-gas has everywhere a similar composition, dis- 
regarding certain minor variations, caused by the different kinds 
of coal that are used, and the temperature at which the gas is 
prepared. 
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The gas of Zurich averages the following compoatioa? 

CO,=- 2.0 per cent. 

CaH,a= 4.6 “ “ 

0 = 0.2 “ “ 

C0= 8.0 “ “ 

H=48.0 “ “ 

CH4=33.0 “ “ 

N= 4.3 “ “ 


100.0 “ “ 

All of these components, except GOj, 0, N (which are present 
only in small amounts), are combustible; they are reducing sub- 
stances. Illuminating-gas ordinarily bums with a luminous flame, 
and this luminosity is due to the presence of unsaturated hydro- 
carbons (CftHja), principally ethylene, propylene, acetylene, ben- 
zene, etc. If ethylene is heated to a certain temperature, it is 
decomposed into methane and carbon: 

C,H4=CH4-|-C, 

and it is this glowing carbon which causes the luminosity of the 
flame. 

The other unsaturated hydrocarbons behave like the ethylene. 
The remfuning combustible constituents of illuminating-gas bum 
with a non-luminous flame. If we bring air into the gas, the 
flame becomes non-luminous. With the Bunsen burner air is in- 
troduced by opening the holes at the base of the burner. In such 
a gas-flame there are, according to Bunsen, the following parts 
(Fig. 1): 

I. The inner cone of the flame, aab, in which no combustion 
j^es place, because the temperature here is too low. This part 
n the flame contiuns unbumed gas mixed with about 62 per cent, 
of air. 

II. The fame manUe, indicated by acaba, which is composed of 
burning gas and air. 

III. The luminous tip, at 6, which does not appear unless the 
idr-holes are somewhat closed. 

In these three principal parts of the flame Bunsen distinguishes 
ax reaction-zones: 
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1. Thebase of the flame Ota' . The temperature here is relatively 
low, because the burning gas is cooled by the constant current of 
fiedi air, and also because the 
burner itself conducts away con- 
tnderable heat. This part of thr 
flame serves to test volatile sub- 
stances to sec whether they impart 
color to the flame. In case several 
substances are present which color 
the flame, it is often possible to 
observe the colors one after the 
other, in that the most volatile 
substance colors the flame first, 
and later the colors caused by the 
less volatile ones arc seen. This 
would not be possible at a hotter 
part of the flame, as all of the 
substances would then be immedi- 
ately volatilized, producing a mix- 
ture of colors. 

2. The fusing zone at fl. This 
lies at a distance of somewhat 
more than one third of the height 
of the flame, and equidistant from 
the outside and the inside of the 
mantle, which is broadest at this part. As this is the hottest part 
of the flame (about 2300° C.), it serves for testing substances as to 
their fusibUity and volatility. 

3. The lower oxidizing flame lies in the outer border of the fusing 
zone at f, and is especially suited for the oxidation of substances 
dissolved in vitreous fluxes. 

4. The upper oxidizing zone, at e, consists of the non-luminous 
tip of the flame, and acts strongest when the air-holes of the lamp 
are fully open. It is used for various oxidizing tests, the roast- 
ing away of volatile products of oxidation, and generally for all 
processes of oxidation where the very highest temperature is not 
require^. 

5. The lower reducing zone lies at d, in the inner border of the 
furing zone next to the dark cone. As the reducing gases are here 
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mixed with oxygen from the air, many substances which are re- 
duced by the upper reducing dame are here unaffected. This part 
of the flame is consequently very well adapted for a test which 
cannot be made with the blowpipe, namely, reduction on the char- 
coal stick, and in vitreous fluxes. 

6. The upper reducing fume is at 6, in the luminous tip of the 
dark inner cone, which may be produced by gradually diminishing 
the supply of air. If the luminous tip has been made too large, a 
test-tube or porcelain dish filled with water and placed over it wiU 
be blackened, which should never be the case. This luminous tip 
•contains no free oxygen, is rich in separated incandescent carbon, 
and has, therefore, a much stronger reducing action than the lower 
reducing zone. It is used more particularly for the reduction of 
oxides collected in the form of incrustations. 

Methods for the Examination of a Substance in the Dry Way. 


1. Test of the Fusibility. 


This test is principally made in the examination of minerals, 
which are introduced into the flame in the loop of a platinum wire 
(about as thick as a horse-hair). The sample is examined, after 
heating, by means of a magnifying-glass to see whether the 
eomers are rounded, due to melting. The potentially hottest tem- 
perature of the fusing zone amounts to about 2300® C.* It will 
never be possible to reach this temperature with the test, because the 
substance itself loses heat by radiation. As the amount of heat lost 
by radiation is proportional to the surface exposed, it is evident that 
we will obtain the maximum heat by using a very small sample and 
holder. For this reason a coarse wire should not be used for this test. 


We distinguish between the following degrees of heat: 

1. Faint red glow 626® C. 

2 Dark red ^ow 700® C. Melting-point of aluminium 668® C.t 

3. Bright red glow 960® C. ** “ silver 965-961® C. 


4. Yellow glow 1100® C. | !! 

5. Faint white glow 1300® C. 


“ gold 1064® C. 

'' copper... 1064-1084® C. 


. 6. Full white glow 1500® C. . ** “ platinum . 1780® C. 


’I* This temperature will be considerably lower with too large a supply 
of air. According to NAumann/the temperature of illuminating-gas with Ij^ 
times its volume of air reaches about 1818® C, but the temperature ob- 
tained is usually lower owing to loss by radiation. The finest platinum wire 
can be melted by means of the flame, but not when it is as thick as a hoise^ 
hair. 

t Le Chatelier: ** High Temperature Measurements.” 
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Below 525® C. the following substances melt: tin at 232® C., 
lead at 327® C., zinc at 420® C. 

2. Color Imparted to the Flame, 

The substance (best in the forro of the chloride) is placed in the 
loop of a fine platinum mre, introduced into the base of the flame, 
and then finally brought into the fusing zone. 

3. Oxidation and Reduction in Vitreous Fluxes or Beads, 

To make a bead, borax (Na2B4O7 l0H2O) or salt of phos- 
phorus (NaNH4lIP04+4H20) is used. A piece of very fine 
platinum wire, about 3 cm. long, is scaled into the end of a glass 
tube. The wire is heated to redness, and then quickly dipped into 
the borax or salt of phosphorus, which is held near the flame; 
whereby a small amount of the salt is fused to the end of the wire. 
By repeated heating and dipping into the salt a bead of sufficient 
size is obtained. This should be about 1.5 mm. in diameter at the 
most. It is not advisable to make a loop at the end of the wire, 
because in this way the exposed surface is unnecessarily increased. 
There is no danger of the bead falling off, provided the wire is held 
horizontally in the flame and the bead is not too large. In order 
to bring the substance in question into the bead, it is only necessary 
to moisten the latter with the tongue, and then dip it into the finely- 
powdered substance, which will cause a small amount to adhere to 
the bead. It is preferable to introduce too little substance into the 
bead rather than too much, because, in the latter case, the bead 
will become dark and opaque. The oxidation of the substance in 
the bead is brought about by heating it in the lower oxidizing 
flame; while reduction is usually effected by heating in the lower 
reducing zone, and cooling in the dark inner cone, in order to pre- 
vent oxidation, which might take place if the substance were cooled 
in the air. 

In order to clean the wire, a borax bead is produced on the wire, 
which is then heated, as is shown in Fig. 2, a, on one side of the bead 
only, so that the latter runs along the wire in the opposite direction, 
dissolving off all impurities. By heating the bead from the other 
side. Fig. 2, h, it is driven toward the end of the wire, from which it 
can be shaken off by a quick jerk. By repeating this process three 
times the wire is cleaned with the exception of a small amount of 
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adhering borax-^ass, which can be removed by heating the wire in 
the fusing zone unril the sodium flame entirely, disappeaia. 

4. Reduction on the Charcoal Stick, 

These exceedingly beautiful reactions are among the most sensi- 
tive of those used in analytical chemistry, and should be futhfully 
practised by every beginner. The cause of their sensitiveness is 
due to their taking place on the extreme end of a tiny piece of char- 
coal, that is in a foifU, so that the sample has no opportunity to 
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spread itself over a large surface, which is the case with the ordi- 
nary reactions on charcoal before the blowpipe. 

In order to carry out these reactions, we use an ordinary 
round match (not a fouivcomered one), which should consist of 
good straight wood-fibers. It is impregnated with sodium car- 
bonate in the following manner: A crystal of sodium carbonate 
(Na,CO,'10H,O) is warmed in the flame, whereby it melts m a 
part of its water of crystaliizstion. Three fourths of the length of 
the match is now smeared with this liquid soda, and the match is 
then slowly rotated on its axis in the flame, until the soda melts 
and penetrates the charcoal. On withdrawal from the flame 
there should be no place which continues to glow; should the 
latter be the case, the stick should be quickly immersed in the soda 
agam. In this way (me obtains a solid little piece of charcoal, 
wUch can be heated for a long time without burning through. - 
In order to carry out a reduction, a small amount of the body 
to be examined is mixed on the palm of the band with an equal 
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amount of calcined soda, a small drop of melted soda is added, and 
the mixture is madednto a paste by means of the blade of a pen- 
knife. The warmed piece of charcoal is then rubbed into the mix- 
ture, which adheres to it. The sample is first heated in the lower 
oxidizing flame until it has melted, and then moved into the lower 
reducing flame. The reduction will be made evident by a violent 
swelling up of the melt, caused by the evolution of carbon dioxide. 
As soon as the mass melts quietly the reduetion is complete. The 
substance is allowed to cool in the dark cone, after which it is re- 
moved from the flame. The metal is now found on the extreme end 
of the carbonized match, concentrated in a point. This point is 
broken off, and triturated with a small amount of water in an 
agate mortar. The excess of sodium carbonate goes into solution, 
part of the charcoal floats on the surface of the water, while the 
heavier metal sinks to the bottom. In case the reduced metal is 
iron, nickel, or cobalt, it will not be noticeable to the eye, but it may 
be taken up with a magnetized knife-blade, to which it will adhere, 
usually mixed with charcoal. This should be dried by cautious 
warming, the tuft of metal taken off and rubbed between the thumb 
and forefinger, and then brought into contact with the knife again, to 
which only the metal will now adhere. The metal is then transferred 
to a piece of washed filter-paper about 3-4 mm. wide and 50 mm. 
long, so that it comes as near as possible to the end of the strip. 
By means of a capillary tube, a drop of hydrochloric acid and one 
of nitric acid arc added, and the paper is warmed over the flame 
until the black speck (the metal) has disappeared, when the final 
test can be made. 

In order to test for iron, a drop of potassium ferrocyanide is 
added, whereby the presence of iron is shown by the appearance of 
a distinct formation of Prussian blue. To test for nickel and cobalt, 
the metal is dissolved in nitric acid, the excess of acid is evaporated 
off, and a drop of concentrated hydrochloric acid added, whereby 
the paper is colored blue if cobalt is present; the nickel shows at 
the most only a very weak greenish color — usually, however, no 
color. A little caustic soda solution is now added, and the paper 
held in the vapors of bromine; in case either nickel or cobalt is 
present a brownish-black spot appears, due to the formation of 
either Ni(OH)s or Co(OH)j. 

If, however, the metal reduced was malleable, it is usually ob* 
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tained in the form of a metallic globule on the end of the match, 
where it can be examined with the aid of a.lens. Copper is not 
separated as a globule, but as a reddish, sintered mass. By pressing 
down on malleable metals in the agate mortar they are obtained 
as a glistening fragment, which can be readily separated from the 
specifically lighter charcoal by washing. To accomplish this the 
agate mortar is inclined and a stream of water is directed sideways 
upon the mass, whereby the charcoal is washed out with the water, 
and the metal is left clean. It is transferred to a watch-glass and 
tested as follows: • 

1. The Metal i» White (Pb, Sn, Ag, Pt). The metal is treated 
with a few drops of nitric acid and carefully warmed. Lead and 
silver dissolve readily, particularly upon addition of a little water. 
Silver will be detected by the addition of a drop of hydrochloric 
acid, whereby white silver chloride, soluble in ammonia, is precipi- 
tated. The test for lead is dilute sulphuric acid, which precipitates 
white lead sulphate. 

If the metal, on treatment with nitric acid, remains unchanged, 
it is probfd)ly platinum. It should be dissolved in aqua regia, 
evaporated to dryness, dissolved in a little water, and potassium 
chloride solution added. A yellow, crystalline precipitate confirms 
the presence of platinum. If the metal, when treated with nitric 
acid, becomes changed into a white insoluble oxide, it is tin. In 
this case, another fragment of metal is dissolved in concentrated 
hydrochloric acid and tested for tin by means of mercuric chloride 
solution, or bismuth oxide and caustic soda. 

2. The Metal ia Ydlow to Red (Cu, Au). Copper is readily 
dissolved in nitric acid, and the solution ^ves with potassium ferro- 
cyanide a reddish-brown precipitate. Gold is insoluble in nitric 
acid, but soluble in aqua regia. The evaporated solution gives a 
violet-brown color with stannous chloride, due to finely-^vided 
gold. 

Reduction in a Glass Tube. 

Berides the borax bead and the charcoal stick, reduction is often 
effected by means of metallic sodium, potassium, or magnerium. 

Thus small amounts of phosphorus in anhydrous salts may be 
detected in the following manner: The substance to be tested u 
placed in a glass tube, 3 mm. wide and 50 mm. long, which is dosed 
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at one end. A small cylinder of potassium or sodium (freed from 
petroleum by rubbing between filter-paper), or even a piece of 
magnesium wire, is added to the tube, and the contents then heated 
until the glass itself begins to soften. The reaction is so violent that 
the substance seems to take fire. After cooling, the tube is broken 
in a porcelain mortar, when, by breathing over the mass, the smell 
of phosphoretted hydrogen may be detected. 

The halogens, sulphur,- and nitrogen are tested for in a dmilar 
way, as will be shown later. 

Reduction in the Upper Reducing Flame for the Purpose of 
forming Metallic and Oxide Incrustations. 

The volatile elements which arc reducible by means of hydrogen* 
or charcoal may be detected in this part of the fiame with the great* 
est ease, as, for example, arsenic, antimony, cadmium, bismuth,, 
selenium, and tellurium. The metallic incrustations are obtained 
by holding in one hand a small portion of the substance on a thin * 
asbestos thread (platinum will be attacked) in the upper reducing 
zone of a small gas-flame, where the oxide is reduced to volatile- 
metal, and burned in the upper oxidizing flame to oxide. In the 
other hand, closely over the substance to be tested, is held a glazed 
porcelain evaporating-dish, filled with water, as is indicated in 
Fig. 3 at B. The metallic vapors are condensed by the cold dish,, 
and depofflted on it in the form of a 
metallic mirror or film. If, however, 
the dish is held above the upper oxi- 
dizing flame (at A), there is formed a 
thin, often invisible, oxide incrustation 
on the bottom. 

Should it be necessary to treat the 
metallic incrustation with a large amount 
of solvent (as is necessary in the detec- 
tion of selenium and tellurium), the 
porcelain dish is replaced by a test-tube 
half filled with cold water. A some- 
what larger test-tube is used to hold the 
solvent, and the smaller test-tube, on 
which the incrustation was deposited, is placed within the larger 
tube and the liquid warmed if necessary. • 
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Blowpipe Reduction on ChaicoaL 

These tests are made in the so-called “ preliminary examination.” 
For this purpose a small cavity is made with a penknife in a piece 
of good charcoal (preferably of linden wood), in which a k^fe> 
bladeful of the substance to be tested is placed, previously mixed 
with twice as much anhydrous sodium carbonate. As charcoal is a 
porous body, it will readily absorb easily fusible substances, like the 
alkalies. Other substances are changed, by means of the sodium 
carbonate used, into carbonates, which are, for the most part, de- 
composed, on heating, into oxides and carbon dioxide. The oxides 
of the noble metals are decomposed, without the aid of the charcoal, 
into oxygen and metal; while those of the re mainin g metals are 
either reduced to metal or remain unchanged. Thus CuO, PbO, 
BijO,, SbjOj, SnOj, Fe,0„ NiO, and CoO are reduced either to a fused 
metallic globule (Pb, Bi, Sb, Sn, Ag, and Au), or to a sintered mass 
of metal (Cu), or to a glistening metallic fragment (Fe, Ni, Co, Pt). 
The oxides of zinc, cadmium, and arsenic do not give metal l ic 
globules, but are, however, easily reduced to metal. These metals 
are so volatile that they are changed into vapors, and are carried 
from the reducing zone of the flame into the oxidizing zone, where 
they are changed into difflcultly-volatile oxides. These oxides, 
which have characteristic colors, are then deposited on the ehamna l 
outside the cavity. 

Zinc ^ves an incrustation which is yellow while hot, and white 
when cold; that of cadmium is brown; while the oxide of arsenic 
^ves a white and readily volatile incrustation. Furthermore, the 
volatilization of arsenic ^ves rise to a characteristic garlic odor. 
The metals lead, bismuth, and tin give, besides the metallic globule, 
an oxide incrustatiem which is typical. 

At the same time, nitrates, nitrites, chlorates, etc., may be 
recognized by ^e fact that they cause a very rapid combustion of 
the glowing cl^coal (deflagration). This deflagration is not to be 
confused with a decrepitation which takes place on heating sub- 
stances containing enclosed moisture or gases, sm^ as rock salt, 
fluor-spar, etc. Orystals of such substances are burst by the quick 
expansion of the enclosed liquid, and scattered about. 

Many ^fflcultly-furible substances do not melt into the charcoaL 
Thus ffllicates form a bead with the soda, which only after 
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continuous heating will give up the alkali and allow it to be absorbed 
by the charcoal, leaving behind the white infusible silica. Phos- 
phates and borates act similarly, only these do not leave behind an 
oxide, but a fused glass. Infusible white oxides, as those of calcium, 
strontium, magnesium, aluminium, and many of the rare earths 
(Welsbach mantle, for example), glow very brightly, and in fact 
more brightly as they are more strongly heated. 

Division of the Metals into Groups. 

We may divide the metals, for purposes of analytical chemistry, 
into five groups: 

The f'irst Group contains those metals whose chlorides are in- 
solvblcy or difficultly soluble, and whose sulphides are insoluble, in 
dilute acids. They may, therefore, be precipitated from their solu- 
tions by means of either hydrochloric acid or hydrogen sulphide. 

The Second Group contains those metals whose chlorides are 
soluble, but whose sulphides arc insoluble in dilute acids. They may 
be precipitated from their solutions by means of hydrogen sulphide, 
but not with hydrochloric acid. 

The Third Group contains those metals whose sulphides are solv^ 
ble in dilute acids, but are insoluble in water and alkalies; and also 
those metals whose sulphides are hydrolytically decoinpost^d into 
hydrogen sulphide and metallic hydroxide. The members of this 
group are precipitated completely by hydrogen sulphide only from 
alkaline solutions. 

The Fourth Group contains those metals whose sulphides are 
soluble in water, but whose carbonates are insoluble in the presence 
of ammonium chloride. They are precipitated by ammonium 
carbonaie in the presence of ammonium chloride, but not by any of 
the above reagents. 

The Fifth Group contains magnesium and the alkalies; they are 
not precipitated by any of the above reagents. 

In order to carry out an analysis with certainty it is necessary 
to understand not only the reactions of the different elements, but 
we must know as well the sensitiveness of each reaction. The 
anal)rst should be able to draw a conclusion by the size of the pre- 
cipitate formed as to the approximate amount which is present in 
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the original substance. This, however, is possible only when the 
experiments are made with known amounts. C<meque7Uly we 
take reagents of a known strength, and allow them to act on known 
amounts of the different substances. According to the suggestion of 
R. Blochmann (B. B. 1890, p. 31) it is well to make the solutions of 
the different reagents either double-normal, normal, half-normal, or 
tenth-normal. For the last eight years the author has used in his 
laboratory solutions of reagents and salts according to this principle, 
' and has found that the beginner in this way gets a far better under- 
standing of the stoichiomctrical relations than when solutions of 
almost any concentration arc used, as was formerly the custom. 

By a normal solution we understand one which contains in one 
liter one gram-equivalent of the substance in question, referred to 
a gram atom of hydrogen as a unit. A tenth-normal solution 
will contain one tenth of a gram-equivalent in a liter, etc. 

Thus one liter of a normal solution will contain 


Ha 

H,S04 

2 

H3PO4 

3 

NaOH 

KMn04 

5 

KjCpjOt 

6 


36.46 grams, equivalent to one gram-atom of hydrogen. 

98 08 

2~~ ” ^^*94 grams, equivalent to one gram-atom of hydrogen. 

a 32 03 ** ** ** ** ** 


40.06 

158.11 

5 

294.4 


a 

31.62 " 
49.08 " 


« If If 

f< <« « 

If If If 


If II II 

it it II 
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The great advantage of this sjrstem is that one always knows 
how much of one solution should be used m order to react with 
another quantitatively. Thus 1 cc. of a normal caustic soda solution 
will neutralize 1 cc. of any normal acid, or 2 cc. of any half-normal 
acid. In the same way 1 cc. of a normal solution of sulphuric acid, 
or of any sulphate, will precipitate quantitatively the barium from 
1 CO, of a normal barium chloride solution. 


THE MOST COMMON LABOR.mRY REAGENTS. 


A’. .. I. CoKCEimuTED Acids. 

>!« 8p. Gp. 

1. Hydrochloric acid 1 . 189 

S. Nitnic acid 1.386 

2 Sulphuric acid 1.840 


Per Cent Add 
byWeidkt. 

37.9 

62.64 

06.0 
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II. Dilute Acids, } Normal, 


1000 cc. contain: 

1. Hydrochloric acid 72.92 grams 

2. Nitric acid 126.10 ** 

3. Sulphuric acid 98.08 “ 

4. Acetic acid 120.08 

5. Tartaric acid 150.06 

III Alkalies, f Normal. 

1000 cc. contain: 

1. Sodium hydroxide 80.12 grams 

2. Potassium hydroxide 112.32 

3. Ammonium hydroxide 70.18 “ 


4. Cone. Ammonia (sp. gr. 0.905) contains 27% NH|. 


IV. Salts. 

(a) f Normal. 
1000 cc. contain: 


1. Ammonium carbonate 

2. Ammonium chloride 

3* Sodium carbonate 

4 * Ammonium sulphide 

.... 96.16 grams 
.... 107.06 
.... 106.10 
.... 68.22 ♦ “ 

(6) Normal. 

1000 cc. contain: 



1. Sodium acetate (NaCjH,0| + 3H,0) 

.... 136.14 grams 

2 . Sodium phnsphate (Na,HPO, + 12H,0) 

. . . . 119 46 

<1 

3 

3. Sodium hypochlorite (NaOCl) 

.... 37.25 

ft 

4 . Sodium nitrite (NaNO,) 

.... 34.64 

ii 

6. Potassium nitrite (KNO|) 

.... 42.69 

It 

6. Potassium bichromate (KjCtiO,) 

.... 49.08 

II 

7. Calcium chloride (CaCli + 6H,0) 

.... 109.61 

11 

8. Magnesium sulphate (MgSO^ + 7H,0) 

.... 123.28 

It 

9 . Barium chloride (Bad, + 2H,0) 

.... 122.17 

II 

ID. Ferric chloride (FeCa,) 

.... 54.11 

It 


i^This reagent decomposes slowly, losing NH| and forming (NHi)^* 
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H. Potassium ferrooyanide (KiFeCGN)^ + 3H|0) , 

.e 105.72 

grams 

12. Lead aeetate (Pb(C!|H,0,), + 3H,0) 

.. 189.51 

II 

13. Stannous chloride (SnCl| + 2H,0) 

.. 112.72 

II 

14. Mercurous nitrate (Hga(NO|)|) 

.. 262.34 

II 

16. Cobalt nitrate (Co(NO,), + 6H,0) 

.. 145.6 

II 

(c) ^ Normal. 



1000 cc. contain: 



1. Ammonium oxalate ((NH4),C,04 + HjO) 

. 35.54 

grams 

2. Merourio chloride (HgCl,) 

. 67.8 

II 

3. Sodium thiosulphate (NajSjOj + 5HjO) 

. 124.16 

II 

4. Sodium bromide (NaBr + 2H3O) 

. 69.52 

II 

/XT n \ 103.01 

or (NaBr) 

. 51.50 

II 

6. Potassium cyanide (KCN) 

. 32.59 

II 

6. Potassium iodide (KI) ^ 

. 83.0 

II 

07 OK 

7.' Potassium sulphocyanate (KCNS) — 

. 48.62 

.. ' 

IQf) 17 

8. Potaissium arseniate (KHjAs04) — — 

0 

. 30.03 

II 

9. Zinc sulphate (ZnS04 + THjO) ' 

e 71.9 

II 

10. Manganese sulphate (MnSO, + 4H,0) 

. 55.78 

II 

11. Nickel sulphate (NiSO« + 7H,0) 

. 70.22 

II 

12. Cadmium sulphate (SCdSO* + 8H,0) ^5^ 

. 64.05 

II 

18. Copper sulphate (CUSO4 + 6H,0) 

. 62.44 

II 

14. Clirome alum^ (CrKCSOJ, + 12H,0) 

. 83.26 

II 

18. Alum (AlK(SO.), + 12H,0) 

. 79.10 

II 

16. Hsinuth Ddtrate (Bi(NO),+6H,0)^^|^ 

. 80.79 

M 
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(d) ^ Normal, 

1000 cc. contain: 

1. Urenyl acetate (U0i(C,H,0,), + 2H,0) 21.28 grains 

2. Silver nitrate (AgNO,) 17.0 " 


V. Saturated Solutions. 

100 grams solution contain at 15^ C. : 

1. Hydrogen sulphide 0.48 grains H,S 

2. Barium hydroxide 5.95 “ Ba(OH)| -f 8H|0 

3. Lime water 0.13 “ CaO 

4. Calcium sulphate 0.26 “ CaSOg + 2H|0 

5. Chlorine water 0.73 “ Cl 

6* Bromine water 3.66 “ Br 

In the author's laboratory these solutions are prepared in five- 
liter amounts. In order to do this as quickly as possible, and with 
sufficient accuracy for qualitative purposes, flasks are used which 
contain five liters when filled up to a mark on the neck. Similarly, 
in weighing out the substance, tares an? used containing shot, which 
correspond to the weight of substance which should be dissolved 
in five liters. 

In the preparation of the dilute acids and ammonia, small cylin- 
ders are used, which are so etched that the correct amount of com- 
mercial acid can be measured out therein, and this is then diluted 
to five liters. 

Thus 


278 cc. cone, sulphuric 

acid will make 5 liU^rs 2 N 

acid. 

726 cc. “ nitric 

U it 

ft 

5 ‘‘ 

2N. 

It 

809 cc. “ hydrochloric 

i€ it 

It 

5 ‘‘ 

2N. 

It 

1922 cc. 30% acetic 

a t< 

It 

5 

2N. 

u 

698.5 cc. cone, ammonia 

u 

11 

5 

2N. 

a 


Determination of the Sensitiveness of Reactions. 

The more sensitive a reaction is, the smaller will be the amount 
of the substance which can be detected in a given volume, in a 
definite time, with the reagent in question. Let us suppose that 
the amount of substance taken is dissolved in 100 cc. of liquid the 
time allowed to be two or three minutes, and the limit of sensitive- 
ness to be the smallest amount of substance which can be detected 
under these conditions. 
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A few examples will make the method clear; 

Ma^esium salts are precipitated by means of sodium phosphate, 
in the presence of ammonium chloride and ammonia, in the form of 
magnesium ammonium phosphate. What is the sensitiveness of 
this reaction? We take 1 cc. of our normal magnesium sulphate 
solution, add three drops of ammonium chloride solution, and two 
or three drops of ammonia and sodium phosphate solution; the 
characteristic white precipitate is formed immediately. We dilute, 
now, the normal solution of magnesium sulphate ten times, and 
repeat the experiment with 1 cc. of the diluted solution. Tlie result 
will be-r- 


1 cc. of N. Mg solution, 100 cc. —1.2 grm. Mg, reacts immediately. 


1 cc. 


ti 

100 cc. - 0.12 

it 

Mg, 

tt 

ti 

1 CO. 


ti 

100 CO. - 0.012 

tt 

Mg, 

tt 

tt 

1 oc. 

"iSo*** 

u 

100 CC. - 0.0012 

ti 

Mg, 

tt 

after a few sec- 
onds. 

1 00 

“ loobd *** 

ti 

100 oc. - 0.00012 

tt 

Mg, 

it 

after one to two 
minutes. 


If, therefore, 100 cc. of a solution contain 0.00012 griCm Mg, the 
magnesium can be detected within from one to two minutes. Should 
the detection of smaller amounts be desired, the solution must be 
concentrated by evaporation. 

This reaction can be called very sensitive. The following potas* 
slum reactions are much less delicate: 

(a) Reaction with Hydrochlorplatinic Add (page 37). 

N 

1 cc. of ^ KCl solution, 100 cc.=»0.78 gm. K, reacts with a 

drop of HjPtCle immediately. 

N 

1 cc. of ^ KCl solution, 100 cc.»0.078 gm. K, does not cause 

precipitation within three minutes. 

N 

1 cc. of 2 ^ KCl solutioh, 100 cc.»0.156 gm. K, does not cause 

preoiiatation within three minutes; but does, however, on addition 
df two drops of alcohol. 

i CO. of KCl solution. 100 cc.»0.234 gm. K, reacts im« 
mnijiately on stirring. 
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The sensitiveness of the reaction lies, therefore, between 0.156 
and 0.234 gm. K percc. In Qrder to detect smaller amounts of 
potassium than 0.156-0.234 gm. per 100 cc., the solution must be 
strongly concentrated by evaporation. 

(b) Reaction with Tartaric Acid (page 38). 

N 

I cc. of ^ KCl solution, 100 cc.=0.78 gm. K, reacts imme* 

O 

diately with two drops of sodium acetate and two drops of a con- 
centrated solution of tartaric acid. 

N 

1 cc. of — KCl solution, 100 cc.= 0.078 gm. K, reacts after one 

to two minutes with vigorous shaking. 

This can be taken as the limit of sensitiveness. 

If the beginner will test the delicacy of all reactions in this way, 
he will quickly get a clear insight into the solubility relations of 
the different salts. 



REACTIONS OF THE METALS (CATIONS). 

Wb begin with the metals of the Rfth Group, because a knowl- 
edge of their reactions is necessary in order to understand the re- 
actions of the other groups. 

GROUP V. ALKALIES. 

POTASSIUM, K; SOUIUM, Na; AMMONIUM, NH,; (PJESIUM, C»-. 

■ TLUMtDV\3M,P,V, \A'VHVUM,LV). 

The metals of this group decompose water at the ordinary tem- 
perature with evolution of hydrogen and formation of strongly 
alkaline-reacting hydroxides, which cannot be freed from their 
hydrate water even on fusion. The pure oxides (11,0) are difficult 
to pr(?pare, cautious heating of the metal in the air forming per- 
oxides at tlic same time. The salts of these metals are colorless for 
the most part, and readily soluble in water. Of these salts the car- 
bonates, the tertiary and secondary phosphates, the cyanides, and 
the borates react alkaline in aqueous solution (hydrolysis). The 
salts of the alkalies are more or less volatile and impart to the 
non-luminous flame characteristic colors. 

POTASSIUM, K. At. Wt. 39.15. 

Sp. Gr. 0.S7. M. Ft. (Melting-point) 62.5” C. 

Occurrence . — Sylvite (KG), isometric, and camallite (MgCl,, 
KG‘6H,0) at Stassfurt in the presence of halite and anhydrite. 
Saltpetre (KNO,), orthorhombic prisms. Further, in very many 
alicates, e.g.. monoclinic feldspar (KAlSi,0,), and muscovite 
(KHjAl,Si,0„) ; also in plants in the form of organic salts, which 
yield on combustion potassium carbonate (potash^. 

BEACnONS IN THE WET WAT. 

Potasdum forms very few salts that are difficultly soluble in 
water. The chlorplatinate, acid tartrate, and perchlorate are the 

^6 
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least soluble, and are consequently used in the detection of potas- 
sium. 

I. Hydrochlorplatinic Acid * (HjPtCl^) gives in concentrated 
solutions a yellow precipitate, 

HjPtCI, -I- 2Ka = 2HC1 + KjPtCl^, 

which consists of small regular octahedra (visible with a magnifying- 
glass). In case the potassium solution is not very concentrated,, 
no precipitation may appear at first; but on rubbing the sides of 
the beaker or test-tube with a glass rod the formation of the pre- 
cipitate will be hastened. 

This \a always the case when a crysialWnc prccApWate \s ionned. 
The solution before the precipitate separates out is supersaturated, 
and the formation of crystals is hastened by the mechanical shock. 

The behavior of the potassium chlorplatinate on ignition is 
very characteristic; it is decomposed into chlorine, platinum, and 
potassium chloride: 

K2Ptae=2KCl+Pt+2Cl,. 

If the products of ignition are treated with water, and the 
platinum filtered off, the filtrate will again give with hydrochlor- 
platinic acid the yellow crystalline precipitate of KjPtCl^. (Note 
difference from ammonium chlorplatinate.) 

Solubility of the Potassium Chlorplatinate in Water. 

100 parts of water dissolve : 


At 0° C 0.70 parts K^PtO, 

10° C 0.90 “ “ 

20° C 1.12 '' 

“100°C 5.18 ‘‘ ‘‘ 


In a saturated KCl solution, or in 75 per cent alcohol, the pre- 
cipitate is practically insoluble. 

For this reaction it is best to use the chloride. The addition of 
hydrochlorplatinic acid to potassium iodide solution causes a deep- 


* Platinic chloride, PtCh, gives no precipitate with potassium salts, or at 
least only after long standing. The above reagent, hydrochlorplatinic acid, 
is a dibasic acid, and is obtained by dissolving platinum in aqua regia. The 
solution is prepared of such a strength that there arc ten grams of platinum 
in every 100 cc. 
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reddish-brown color due to the fonqation of the soluble salt 
KaPtl. 

H2l’tClo+8KI=6KCl+K2PtIo+2HI. 

Similarly potassium cyanide is not precipitated by hydrochlor- 
platinic acid owing to the formation of complex platinum-cyanogen 
compounds. i 

In case wc desire to test an iodide or cyani(m for potassium, 
the salt should first be changed to chloride by evaporation with 
concentrated hydrochloric acid. 

2 . Tartaric Acid (H 2 C 4 H 40 e) produces, in not too dilute neutral 
solutions of potassium salts, a white crystalline precipitate of potas- 
sium acid tartrate (orthorhombic, hemihedral) : 

CrtOH COOK 

I I 

CHOU CHOH 

I -I-KC1-HC1+ I 

CHOH CHOH 

ioOH COOH 

The potassium acid tartrate is readily soluble in mineral acids, 
but difficultly soluble in acetic acid and water; 100 parts of water at 
10** C. dissolve 0.425 gm. of this salt. If sodium acetate is added 
to the solution, the mineral acid set free by the reaction will be re- 
placed by acetic acid : 

CH, CH, 

I -1-Ha- I -l-Naa, 

COONa COOH 

Sodium acetate Acetic acid 

whereby the reaction is made much more sensitive. Rubbing the 
sides of the dish will also hasten the formation of the precipitate. 
It is not advisable to neutralize the mineral acid with caustic soda; 
for if the latter is added till the solution is neutral, sodium-potassium 
tartrate (Rochelle salt) will be formed, 

KHC4H,0.+Na0H=KNaC4HA+HA 

which, like all neutral tartrates, is readily soluble in water; so that 
no precipitation will take place. On igniting the acid potassium 
tartrate, empyreumatic vapors (smelling like burnt sugar) are given 
off, and carbon and potassium carbonate are left behind. If the 
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mass Is now moistened with hydrochloric acid, it will froth strongly. 
This is a property not only of potassium tartrate, but is common to 
all salts of organic acids. On ignition the}’ are changed into carbo- 
nates, and when the acid is non-volatile, carbonization takes place ; 
but with volatile acids there is at the most only a slight carbon- 
ization. With many metals the carl -onate is not left uncliang(?d; 
frequently it is broken up into carbon dioxide and oxide of the 
metal; while in the cas(! of reducible metals, the metal itself is left 
with the carbon. Thus sodium acetate will yield sodium carbonate 
and acetone, with only a slight carbonization: 


CH, 


i LOOxVai 


CO 


ONal 


CH, 


CH, 

= Na,CO,-|-CO. 

ClI, 

Acetone (colorleNH volatile liquid , 
burns with luminous flame) 


On gentle ignition, calcium oxalate yields calcium carbonate and 
carbon monoxide; the latter burns with a blue flame. 


COOv 

I V= 
coex 


Ca=CaC 03 +C 0 . 


Oh strong ignition, the calcium carbonate is decomposed into 
lime and carbon dioxide : 

CaC 03 =Ca 0 +C 0 ,. 

TartraJ^s of lead; iron, and many other metals leave behind on 
ignition carbon and metal. 

3. Bismuth-Sodium Thiosulphate (Carnot’s ’" reaction).— If 
to a drop of dilute bismuth nitrate solution a few drops of sodium 
thiosulphate solution and 10-15 cc. of absolute alcohol arc added 
(turbidity being cleared by the cautious addition of water), this 
solution will cause a precipitation of ycJlow potassium-bismuth 
thiosulphate when added to a solution of a potassium salt: 

(а) Bi(N0,),+3Na,S.A“3NaN03+[Bi(S,03).]Na,; 

• Soluble in alcohol 

(б) [Bi(S,0,)JNa.+3Ka=3Naa-|-[Bi(S,0,)JK,. 

Insoluble in alcohol 

The presence of ammonium chloride prevents the rcaction.t 


* Zeitschr. f. anal. Ch., 1897, p. 512. 
t Private communication from W. Wislioenus. 
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4. Hydrofluosilicic Acid (H,SiF,), added in considerable excess 
to a solution of a potassium salt, precipitates gelatinous potassium 
silicofluoride, 

H,SiF,+ 2 KCl= 2 HGl+K^iF„ 

which is difficultly soluble in water and dilute acids and insoluble in, 
alcohol. On heating, it is decomposed into volatile silicon fluoride, 
and potassium fluoride remains behind : 

K,SiF,= 2 KF+SiF,. 

5. Perchloric Acid (HGIO,) precipitates white crystalline potas- 
sium perchlorate, 

HCIO, + KCl = IICl + KCIO, ; 

100 parts of water dissolve at 0 ° 0.07 parts KCIO 4 , and at 100 ® 
19.8 parts KCIO,. 


REACTIONS IN THE DRY WAY. 

Potassium compounds color the non-lurainous flame violet. 
The presence of very small amounts of sodium conceals the violet 
potassium flame. If, however, the flame is viewed through cobalt 
glass or indigo solution, the reddish-violet potassium rays pass 
through, while the yellow sodium rays are completely absorbed. 

Spectrum . — Potassium gives a characteristic spectrum. In the 
red part of the spectrum there is a very bright line, and in the ultra 
violet there are two faint lines (see chart). 

Sodium, Na. At. Wt. 23.05. 

Sp. Gr. 0.97. M. Pt. 95.6' C. 

Occurrence . — Sodium occurs very extensively in nature. Its 
most important mineral is halite, rock salt (NaCl), isometric system. 
It is found in very large deposits often quite pure, but usually con- 
taminated with clay, anhydrite, and gyjisum, and is present in laigp 
amounts in the ocean, and in many salt springs. Sodium also occurs 
in nature in the form of carbonate, asthermonatrite(Na,CO,*II,0), 
orthorhombic; natrite or soda (NajCO^’lOHjO), monoclinic; 
trona (Na,CO,*NaHCO,'2H,0), monoclinic; as nitrate in Chili 
saltpetre, or soda nitre (NaNO,), hexagonal, rhombohedral; as 
cryolite (Na,AlF,), triclinic; in many rilicates as albite (NaAlSi|0|), 
triciinic; and as tinkal, borax (Na ^407 lOHaO), monoclinic. 
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REACTIONS IN THE WET WAT. 

1. Pota s s i u m Pyroantimonate * produces inneutral 

or weakly alkaline solutions of sodium salts a heavy, white, crystal- 
line precipitate, which is formed more quickly by rubbing the sides 
of the vessel with a glass rod: 

KjH^SbjOy + 2NaCl = Na^H^Sb A + 2KC1. 

The test must not be made in an acid solution, for in that case 
an amorphous precipitate of pyroantimonic acid will be formed: 

K jHjSb A + 2HC1 = H4Sb A + 2KCI. 

Furthermore, no other metals than the alkalies should he present, 
because they also cause precipitates — amorphous ones for the most 
part. 

2. Tartaric Acid and Hydrochlorplatinic Acid do not pre- 
cipitate sodium salts, the sodium salts of these acids being readily 
soluble in water. Sodium chlorplatinato is of an orange color, 
and is readily soluble in 75 per cent alcohol (note difference from 
potassium). 

Sodium Peroxide, NaA* 

This substance, which is now used commercially on account of 
its energetic oxidizing property, is obtained by burning dry 
sodium in the air as a heavy, yellow powder, and shows the fol- 
lowing characteristic reactions: 

Behavior to WcUer , — If a little water is addcil to some of this 
substance in a test-tube, a considerable amount of heat will be set 
free, and oxygen gas will be given off (sufficient to ignite a glowing 
splinter t). Water decomposes the sodium peroxide, according to 
the equation 

Na A + 2H,0 - 2xNa6H + H A • 

But on account of the heat of the reaction a part of the hydrogen 
peroxide is decomposed into water and oxygen. 

If warming up of the solution is avoided (which can be done 

*For the preparation of this reagent see page 208. 

t This will sometimes cause an explosion, because the commercial prod- 
uct often contains metallic sodium, which with water forms hydrogen; so 
that both hydrogen and oxygen are set free at the same time. The glowing 
splinter may then cause an explosion. (Private communication from E. 
Constam.) 
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by thronring the sodium peroxide in small portions into iee-wster), 
it will dissolve, with scarcely any evolution of oxygen, to a clear, 
strongly alkaline liquid, which gives, as before, all the reactions of 
hydrogen peroxide. 

If some sodium peroxide is placed on a watch-glass under a bell- 
jar and near an evaporating-dish containing water, the sodium 
peroxide in twelve hours will completely change over to a pure 
white hydrate (Na,0,+2H,0), which will dissolve in water without 
decomposition at the ordinary temperature. 

Reactions of Hydrogen Peroxide. 

(a) In Add SoMion. 

If the solution obtained by the action of water on sodium per- 
oxide is used for these tests, it must be acidified with dilute sul- 
phuric acid, care being taken to keep the solution cool. 

1. Titanium Sulphate gives a distinct yellow color, caused by 
the formation of pertitanic acid. This is the most delicate test for 
hydrogen peroxide. The titanium sulphate solution for this reac- 
tion may bo prepared by fusing one part of commercial titanium 
dioxide with 15-20 parts of potassium pyrosulphate and dissolving 
the fusion, after cooling, in cold dilute sulphuric acid. 

2. Chromic Acid. — If the acid solution of hydrogen peroxide is 
shaken with a little ether (free from alcohol) and a trace of potas- 
sium dichromatc is added, after which the mixture is again shaken, 
the upper layer of ethereal solution will be colored a beautiful blue, 
owing to the formation of chromium peroxide. 

3. Permanganic Acid in acid solution will be decolorized, with 
evolution of oxygen: 

2KMn04-l-4H^4-l-6H,0,=-2KHS04+2MnS04-|-8H»0+60,. 

Similar to the permanganate, many other-umdes are reduced by 
hydrogen peroxide, with evolution of oxjm^ e.g., Agfi, Thfiu 
PbO„ MnO], etc. : 

Ag,0+H,0,=H,0+0,+^ 

Pb0,+H,0,-H,0+0,-bPb0. 

d^otasrium Ferricyanide and Ferric Chloride.— If a trace of 
potassium ferricyanide is added to a very dilute and almost neutral 
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solution of ferric chloride, so that the solution appears a distinct 
yellow, and an almost neutral solution of hydrogen peroxide is then 
added, the mixture will soon assume a green tint, and finally, on 
standing, Prussian blue will separate out. The potassium ferri- 
cyanidc is reduced by the hydrogen y)oroxide to potassium ferro- 
cyanide, which forms with the ferric chloride Pnissian blue : 

2K,Fe(CN),+H3(b=2K3HFe(CN)e+(\ 
and 3K3HFe(CN)3 + 4 = ¥oJiVeiCN),l + 9KC1 + 3HC1. 

According to Schonbein (J. f. pr. Ch. 71), p. 67, 1S60) the smallest 
traces of hydrogen peroxide may be detected by this reaction 
(i^f^mg. II3O2 per liter). As, however, many other substances 
(SnClj, S02> will reduce potassium fcTiicyanide to |)otassiuin 
ferrocyanide, this reaction alone cannot always bo relied on. 

5. Starch Paste and Potassium lodidc.—lf to an acid solution 
containing starch paste and potassium iodide some hydrogem per- 
oxide is added, a blue color will at once appear: 

2 KI+H 303 = 2 K 0 H + l3. 

By means of this reaction, f mg. per liter of hydrogen peroxide 
may be detected. 


(6) In Alkaline SoMion. 

1. Gold Chloride will be reduced, by means of hydrogen per- 
oxide at ordinary temperatures, to metal, with evolution of oxygen. 
The gold usually separates in a very finely-divided state, and ap- 
pears brown by reflected light and greenish blue by transmitted 
light: 

2 AuCl, + 3H30a + 6NaOH = 6NaCl + GHjO + 30, + 2 Au. 

If very dilute gold solutions are used, the metal sometimes 
separates out in the form of a yellowish film adhering to the sides 
of the test-tube. 

2. Salts of Manganese, Nickel, and Cobalt give dark-colored 
precipitates: 

(a) MnCl,+2K0H+HA*2KCl+H30+Mn0,H3; 

Brown 

(b) 2NiCI,+4K0H+H,0,=4KCl+2Ni(0H),; 

Black 

(c) 2 CoC1,+4KOH+H,0,=4KC1+2Co(OH),. 

Black 
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Hypochlorites give the same reactions vdth manganese, nickel, 
and cobalt salts, but they do not gpve the reaction with gold chlo> 
ride. 

The principal reactions of sodium are the 

REACTIONS IN THE DRY WAT. 

Sodium salts color the non-luminous gas-flame a monochro- 
matic yellow, which can be readily distinguished from the yellow 
flame of the gas alone in the following way: If we illuminate an 
orange-colored body (such as a stick of sealing-wax or a crystal of 
.potassium dichromate) with white light (all glowing solid bodies 
emit white light), the red and orange rays will be reflected: the 
body appears orange. If these bodies are illuminated with the 
monochromatic sodium light, they can now only reflect yellow 
light: the bodies appear yellow (a delicate test). 

Spectrum . — A yellow line, coinciding with the D-line of the sun’s 
spectrum. This is an extremely delicate reaction ; the • f TT gV i n nr 
part of a milligram of sodium can be recognized in the spectrum. 

Ammonium, NH,. At. Wt. 18.08. 

Occurrence . — In small amounts as carbonate and nitrite in the 
lur. As ammonium chloride it is found in the fis.sures of active 
volcanoes. Ammonium derivatives are formed by the decay of 
many organic substances containing nitrogen: albumm, urea, etc., 

/NH, 

+H,0=C0,+2NH„ 

\NH, 

Urea 

and in a similar way by the dry distillation of many nitrogenous 
substances, such as coal, horn, hair, etc. 

Although ammonium itself is known only in the form of its 
amalgam, yet wo are justifled in considering it as a metal, in the 
first place because the electrolysis of ammonium salts causes the 
setting free of the cation NH^fNHy+H) at the same time that the 
corresponding anion is set free; and, fiudher, because the ammo- 
nium salts are isomorphdus with potassium salts. 
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REACTIONS IN THE WET WAT. 

Ammonium salts show in many rcactions a striking similarity 
to potassium salts. 

1. Hydrochlorplatinic Acid gives a yellow crystalline precipi- 
tate: 

H,RCl,+2NH,a= (NH,)jPta,+2HCl. 

This salt may be distinguished from the potassium salt — 

(o) by its behavior on ignition; platinum alone is left behind: 

(NH4),PtGl,=2NH,a+2Cl,+Pt; 

(b) by its liehavior on treating with strong bases, whereby the 
smell of ammonia may be detected: 

(NH 4 ),PtCl,+ 2NaOH = No,PtCl,+ 2HjC)+2NH,. 

2. Tartaric Acid produces, as with potassium, a white, crys- 
talline precipitate of ammonium acid tartrate. The addition of 
sodium acetate, and rubbing the sides of the glass vessel with*a 
stirring-rod, will hasten the formation of the precipitate : 

COOH CX)0NH4 

flioH HtioH 

[ +NH4a= I +Ha 

HCOH HCOH 

iooH • iooH 

The ammonium acid tartrate, like the corresponding potassium 
salt, is soluble in alkalies and mineral acids. It may be distin- 
guished from the potassium salt by its behavior on ignition, carbon 
alone being left behind, and the residue not effervescing with 
hydrochloric acid; furthermore, it will give off ammonia on heating 
with caustic soda solution. It is much safer to test for ammonium 
by heating with strong bases than to attempt the formation of a 
precipitate with the above reagents; sodium hydrate solution is 
the base most often employed. With this test all ammonium 
salts will give off ammonia, recognizable by its odor, or by its ability 
to turn mercurous nitrate paper black, 

Hg-NO, /Hg. 

2 1 +4NH,+H,0-3NH4N0,+0< >NH,— NO,+2Hg; 

Hg— NO, ^Hg/ 


Bkek 
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wco^izablc also by its turning red litmus paper blue, or by causing 
dense fumes of ammonium chloride if a glass rod moistened with 
concentrated hydrochloric acid is held in contact with the ammonia 
vapors: 

NH,+HCl-NH4a. 

The above-mentioned reactions are not suitable for the detec- 
tion of very small amounts of ammonia, to the extent, for example, 
that it occurs in drinking-water. In such a case Nessler’s reagent 
is used (an alkaline solution of mercuric potassium iodide). 
Large amounts of ammonia produce a brown precipitate, 

/Hgv 

2HgK,T4+3K0H-t-NH40H=0< NNH,— I+3H,0+7KI, 

^Hg/ 

of enormous coloring power, so that the minutest trace of ammonia 
can be recognized by the formation of a distinct yellow color in the 
solution. In order to detect the presence of ammonia in drinking- 
water with the help of this reaction, we proceed as follows: 



First of all, the apparatus (Fig. 4) must be freed completely 
from all traces of ammonia. To accomplish this, about 500 cc. of 
spring water is placed in the retort (whose neck is bent as in the 
illustration), 1 cc. of a boiled, saturated soda solution is added, and 
the' solution is distilled. The end of the retort’s nedc is pushed into 
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the condenser tube; it is best not to use a rubber connector 
here, as the condensed water serves to make a sufficiently tight 
connection. 

The distillation is continued until 50 cc. of the distillate, placed 
in a small 50 cc. graduate of white glass, will show no sign of a 
yellow color after adding 1 cc. of the Nesslcr solution, stirring, and 
letting it stand for a quarter of an hour. The apparatus is now 
ready for the experiment proper. The retort is emptied of Ws 
contents, 500 cc. of the water to he tested is introduced, 1 cc. of the 
saturated soda solution is added, and 50 cc. distilled off. The dis- 
tillate i^ treated with 1 cc. of Nessler’s reagent and stirred. With 
large amounts of ammonia a yellow color will immediately be 
noticeable, which on standing becomes orange, while with very 
largo amounts of ammonia a brown precipitate appe^ars. If only 
traces are present, the solution will assume a yellow tint only after 
standing some time. 

The Nessler’s reagent * which is used for this experiment is pre- 
pared as follows: 6 gms. of mercuric chloride are added to 50 cc. of 
water (which must be absolutely free from ammonia t)> and solu- 
tion is effected by warming to 80® C. in a porcelain dish; 7.4 gms. 
of potassium iodide are dissolved in 50 cc. of water, added to the 
above, and the mixture allowed to cool. The clear liquid is then 
poured off and the residue washed three times with 20 cc. of cold 
water, in order to dissolve out as much of the chloride as possible. 
Then 5 gms. more of potassium iodide are added, which causes 
the mercuric iodide to go into solution. The solution is now 
poured into a 100-cc. flask, 20 gm. KOH dissolved in a little water 
are added, and the contents of the flask diluted to 100 cc. When 


* Cf. L. W. Winkler, Ch. Cent. Bl., 1899, II, p. 320. 
t Water absolutely free from ammonia, commonly called “ best water/^ 
18 prepared from ordinary distilled water, or good spring water, by adding^ 
some soda and distilling The first portion of the distillate, which always con* 
tains ammonia, is rejected until Ncssler's reagent, applied as above to 
50 cc. of the distillate, gives a negative test, which will be after about one 
fourth of the original amount of water has been distilled off. The portion 
now coming off will be completely free from ammonia, and is used for the 
preparation of the reagent. The distillation, however, must be stopp(*d 
when about five sixths of the water has been distilled, as the remainder may 
contain ammonia owing to the decomposition of organic substances in the 
water by the strongly concentrated soda solution. 
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the solution has completely cleared, it is carefully decanted into a 
dean flask and kept in the dark. 

REACTIONS IN THE DRY WAT. 

The behavior of ammonium salts on heating in a closed tube 'is 
very characteristic. * 

AU ammonium aaUa, excejA those vrith non-volatile adds, are com- 
pUtely volatilized, partly witkoiU and partly with decomposition. 
The non-volatile acids whose salts form an exception to this rule 
are boric, phosphoric, chromic, molybdic, tungstic, and vanadic 
adds. 

Only the salts with the halogen acids arc volatile without de- 
composition; they give a white sublimate. All ammonium salts 
which suffer decomposition on ignition split off water. Thus the 
nitrate ^ves water and nitrous oxide, 

,, NH,N0,=2H,0+N,0; 

the nitrite gives water and nitrogen, 

NH,N0,=.2H,0+N,; 

the sulphate gives water, nitrogen, ammonia, and sulphur dioxide, 

3(NH,);S04=N,+4NH,+6H,0-|-3S0,; 

the oxalate gives water, considerable ammonia, carbon dioxide, car- 
bon monoxide, and, towards the end of the reaction, dicyanogen, 
which is best recognized by its odor. 

With regard to ammonium salts with non-volatile acids, the 
behavior of the phosphate and the dichromate may be mentioned: 

■ 2(NH4),P04=6NH,+21I,0+2HP0„ 

Metaphopphorio acid 

(NH4),Cr»07-4H,0-l-2N +Cr,0,. 

The chromic oxide remains as a voluminous mass, looking very 
much like green tea. Ammonium salts do not impart a very char- 
acteristic color to the flame; the border of the flame is tmged 
slightly greenish. 
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« Magnesium, Mg. At. Wt. 24 . 3 . 

Occurrence. — ^Magnesium compounds are found very abun- 
dantly in nature. The most important minerals arc magne- 
site, MgCOj, rhombohcilral, isomorphoim with ealeiti?; dolomite, 
(Ca,Mg)C03 ; brucite, MgCOH),, rhomluihodral ; carnallite, 
migCIa, orthorhombic; kiescrite, MgS()4^-HJ(), inonoelinie; (*p- 
soniite, MgSO^ 4 - TlljO, orthorhombic; sjunol. MgAl^O^, i.sninc*lric, 
isomdrphous with magnetite, FojO^ and with ehromitc', 
Magnesium also occurs in a great many silicates. Thus almost 
all the minerals of the olivine group contain more or less mag- 
nesium. To this group belong forsterite. Mg,jSiO^, monticellite, 
CaMgSiOi, and olivine, (FeMg)Si04, all orthinhranbic. An im|)or- 
tant decomposition product of the olivine min(*rals is ser|H*ntine, 
Mg3H4Sij03. Almost all the minerals of the y)yrox(»ne-ninphi- 
bole group contain magnesium: augite, MgAl^SiO^, hornblende, 
CaMgjAljSisOis, and tremolit(', (-aMgaSi^t all three forming 
monoclinic crystals. Asbestos is a variety of tnunolite with very 
fine fibers. Meerschaum is a magmssium silicate of the composi- 
tion Il4Mg2Si30io, and is quite similar to talc, H2MgjSi4(),2, some- 
times called steatite. 

Properties of .l/oi/nmu?/?,— Magnesium is a silver-while metal 
of 1.75 sp. gr., and melts at about 630 ® C. It decf)rnpose.s water 
very slowly, forming an oxide (MgO) which is only slightly soluble 
in water, with a weakly alkaline reaction. Magnesium reacts 
directly with nitrogen at 3 fXt® C., forming magnesium nitride 
(MgjNj), which is readily decomposcMl by water, forming magne- 
sium hydroxide and ammonia: 

Mg3N2 + 6H()H - 3 Mg(OH ), + 2N M3. 

The salts of magne.sium are almost all colorless and soluble in 
water. The hydroxide, carbonate, phosphate, arseniaU?, ami ar- 
senite arc insoluble. The sulphide, wliich can be prepared only 
in the dry way, is completely decomposed by water into hydroxide 
and hydrogen sulphide (hydrolysis). If an aqueous solution of 
magnesium chloride be evaporated to dryness on the water-bath, 
there, is no hydrolytic decomposition, the residual salt, MgCl2+ 
CH2O, dissolves in water, forming a perfectly clear solution. On 
heating the chloride containing the water of cr^^^ization to 106 ® 
and higher, however, a considerable amount cffnydrochloric acid 
fumes escape and a basic magnesium chloride insobilrittiM^ater is 
left behind: 
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Mg<oi , 
Mg<ci 



Mg-Cl 




+2HCL 


When a saturated solution of magnesium chloride is mixed with 
magnesium oxide, the mixture soon solidifies, forming a mass hard 
as stone known as magnesia cementy consisting of magnesium 
oxychloride. 

1, Ammonia. — In a neutral solution containing no ammonium 
salts, ammonia produces a white, gelatinous precipitate of magne- 
sium hydroxide. The precipitation, however, is never quantitative; 
in dilute solutions when only a slight excess of ammonia is used 
only a slight precipitate is formed, but on increasing the excess 
of ammonia, more and more magnesium is thrown out of solution 
until finally the greater part of the magnesium, although never 
all of it, is changed to the insoluble hydroxide. The behavior of 
magnesium compounds towards ammonia is quite different in case 
the solution already contains a considerable amoitnt of ammonium 
salts; ammonia then causes no precipitation in the cold oven when 
it is added in great excess; in the latter case, part of the magne- 
sium will precipitate on boiling the solution. The reaction takes 
place according to the following equation: 


MgClz + 2NU3 + 211205=! Mg(OlI)2 + 2NII4CI. 


In the presence of considerable ammonium salts the reaction 
takes place in the sense of the equation from right to left and in 
fact quantitatively; on the other hand, the presence of an excess* ‘ 
of ammonia serves to increase the tendency of the reaction to take 
place in the direction from left to right, while the ammonium 
chloride formed will invariably cause the reaction to cease before 
all of the magnesium is precipitated. 

As wo shall find later on, solutions containing bivalent metals 
of the ammoniui4.^1phide group behave in precisely the same way 
towards ammoui^>A those of magnesium, whereas the trivalent 
metals of this gr^f) act differently. The latter are precipitated 
completely as hydimxidcs* by ammonia from solutions containing 


* With the exception of uranium, which is precipitated nfi ammonium 
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their salts eyen when only a slight excess of the reagent is used, 
•^and in spite of the presence of ammonium salts. 

Why docs mugnesinm tjehave so dilTerently from aluminium, 
ferric iron, etc. ? Lovtui has* answered this c|uc8tiou and sliown it 
to bo due to .the diilerent solubilities of the hydroxides in question.* 

Magnesium hydroxide is appreciably soluble in water, enough 
dissolving to make the water react alkaline. When magnesium 
hydroxide is suspended in water, the solution is saturated with it 
and the dissolved hydroxide is almost coin])letely dissociated : 

Mg(Oll) > Mg- + Oil' + Oil' 

[MgJ X [01l]2 ^ 

[Mg(OU)2j 

If wo increase the concentration of [Oil], the above equilibrium 
will be disturbed, and to oiFset this some undissoeiated magnesium 
hydroxide will bo formed. Since the solution is alrojuly saturated 
with the latter compound, this means that magnesium hydroxido 
will bo precipitated from the solution. 

If, however, wo diminish in any way the concentration of the 
hydroxyl ions, that of the magnesium liyclroxide will likowiso 
decrease in accordance with the above equation, because the only 
way to restore equilibrium is fot* magnesium hydroxide to dissolve; 
if suflicient hydroxyl is removed finally all of tlio precipitate will 
disappear. 

The solubility product of magnesium hydroxido being rela- 
tively large, an appreciable amount of liydroxyl ions is required 
to precipitate it from solutions. The hydroxyl ions may coino 
from ammonia according to the equation 

nh3 + H204=^nh; +OII'. 

Ammonia, however, is dissociated only slightly in aqueous 
solution, and furthermore the concentration of the hydroxyl ions 
is greatly diminished if wo increase the concentration of the amnio- 
uiuni ions by adding an ammonium salt. There will then bo 
extremely few hydroxyl ions in solution.! 

♦ Z. anorg. (‘Item. XI (1896), p. 404t 
f Cf. page 15. 
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On treating a solution of magnesium chloride with ammonia, ’ 
the hydroxyl ions from the latter will cause the precipitation of 
magnesium hydroxide : 

MgCla + 2NH40n Mg(OH)2 + 2NH4CL 

At the same time, however, ammonium chloride is formed so 
that the concentration of the ammonium ions is increased, and 
this tends to prevent the further dissociation of ammonia and the 
precipitation of magnesium. 

In fact, by adding ammonium chloride to a solution in which 
magnesium hydroxide is suspended, the concentration of the 
hydroxyl ions is diminished so that the solubility product of mag- 
nesium hydroxide is no longer reached and the ammonium chloride 
solution exerts a solvent action u|K>n the hydroxide. 

The bivalent metals of the ammonium sulphide group, as 
mentioned above, act similarly to magnesium in this respect. 
Trivalent iron and aluminium, on the other- hand, are precipitated 
quantitatively by a slight excess of ammonia even in the presence 
of ammonium salts because the hydroxides of these metals are 
almost entirely insoluble, or in other words their solubility prod- 
ucts are so low that they are exceeded even by the small amount 
of 'hydroxyl ions into which ammonia dissociates in the presence 
of considerable ammonium chloride. 

Formerly, the non-precipitation of magnesium by ammonia in 
the presence of ammonium salts was explained by the assumption 
that complex salts such as [MgCl3]NIl4 and [MgCl4](NIl4)2 were 
formed, but Lov^n * has shown that this is not the true explana- 
tion; there is no evidence of the formation of any such salt under 
the given conditions. 

Inasmuch as magnesium, ferrous iron, Mn, Ni, Go, and Zn are 
not precipitated by ammonia in the presence of ammonium salts, 
wo have a means for separating these from the remaining metals 
of the ammonium sulphide group (ferric iron, Al, Or, Ti, U). 
If the separation takes place in a hot solution more ammonium 
clilor^de is required to prevent the mi^esium from precipitating 
than in the cold. 

*Z. anorg. Chem. XI (1896), p. 404. See also Treadwell, anorg. 
Chem. 87 (1908), p. 826; Herz ebenda, 88 (19. 8), p. 188. 
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2. Barium Hydroxide precipitates magnesium almost quanti- 
tatively as hydroxide from its solutions, but only in the absence of 
ammonium salts: 

MgCl, + Ba(OH), = BaCl, + Mg(OH),. 

3. Ammonium Carbonate precipitates, in the absence of other 
ammonium salts, a basic salt (usually only on l^oiling or afU'r long 
standing). The coinposilion of the pn*cipitate(l salt varies witli 
the temperature and the concentration of the solution, the follow- 
ing salt being often obtained : 

4MgS0,-h4(NIl4)jC03+lI,0=Mg,(C0,),((Bl),+C0,+4(N 

4. Sodium Phosphate is the charact<Tistic reagent for magne- 
sium, It produces in solutions containing ammoniinn chloride*, 
and in the presence of ammonia, a white crystalline pmeipitafe 
(orthorhombic, hemimorphous) of magnesium-ammonium phos- 
phate, 

MgCl,-h Na3HP04-t- NH3=2NaCl + MgNHJX)^, 

Rubbing the sides of the beaker with a glass rod hastens the forma- 
tion of the precipitate. From very dilute solutions the precipitate 
separates out only after standing some time. 

REACTIONS IN THE DRY WAY. 

All magnesium salts are more or less chang(*d on heating in the 
air, leaving behind the oxide or an insoluble basic salt. On charcoal 
with sodium carbonate before the blowpipe*, magnesium compounds 
are changed to white magnesium oxide, Which is strongly luminous 
when hot. Calcium, strontium, and aluminium comfiounds bl^have 
the same vray. The magnesium salts are non-volatilc, do not color 
the flame, and give no flame spectrum, but do give a characteristic 
spark spectrum. 

DETECTION AND SEPARATION OF MAGNESIUM AND THE ALKALIES IN 
THE PRESENCE OF ONE ANOTHER. 

These metals are assumed to lx* prc‘S(?nt in the form of chlorides. 

Ammonium is tested for, first of all, by heating a small part of 
the substance with caustic soda solution. The rest of the substance 
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is used in testing for magnesium, potassium, and sodium. It is 
divided into two parts, one being used in the test for magnesium 
and the other for sodium and potassium. 

In order to test for magnesium, the substance is dissolved in as 
little water as possible; or, in case we have a Solution, it is evapo- 
rated to dryncas and then dissolved in a little water. To the solu- 
tion, ammonium chloride is added (if not already known to be 
presemt), and then ammonia. In case ammonia produces a pre- 
cipitate of Mg(OH) 2 , enough more ammonium chloride must be 
added to dissolve it. S<xlium phosphate solution is now added, 
and the sides of the beaker rubbed with a glass rod. If there is 
magnesium enough present to amount to a few temths of a milli- 
gram per 100 cc, of the solution, a precipitate of magnesium-ammo- 
nium phosphate will surely appear within two or three minutes. 
If no precipitate is formed, the beaker is set aside in order to see if 
small crystals will be deposited on the bottom and rubbed sides 
after twelve hours. These crystals are more apparent on pouring 
off the solution. If the crystals appear on standing, then traces 
of magnesium are presemt. 

Before testing for sodium and potassium the solution must be 
fmed from magnesium; and, as ammonium salts arc usually 
present, it is necessary to evaporate to dryness and drive them off 
by gentle ignition. Heating to redness must be avoided, in order 
to prevent loss of sodium and potassium. The residue from igni- 
tion is dissolved in a little water (it is not necessary to obtain a 
perfectly clear solution, as a little basic salt of magnesium usually 
remains undissolvcd), and barium hydrate solution is added until 
the solution is strongly alkaline, wheif it is boiled and the magne- 
sium hydroxide filtertxl off. This operation must be carried on in 
a platinum or good porcelain dish, never in glass, k'st some alkali 
from the glass get into the solution. The filtrate, which is now free 
from magnesium, is cautiously acidified with hydrochloric acid, 
freetl from the excess of barium hydrate by precipitation with 
ammonia and ammonium carbonate at the boiling temperature and 
Altering off the crystalline barium carbonate. The filtrate is now 
cva[)orated to dryness, the ammonium salts arc driven off by igni- 
tion, and the residue is dissolved in a little w^ater. In order to be 
sure that the barium is completely removed from the solution, it is 
treated again wdth ammonia and ammonium carbonate, filtered, 



MUCAUNE EARTHS. 


S3 


evaporated to dryness, and the ammonium salts driven off as l)efore. 
The nfsiduc is again dissolved in a little watcT, and the small amount 
of black carbonaceous matter (due t<i carbonization of a small 
amount of pyridiii bases in the ammonia) is filten‘d off. A small 
part of the solution is now tested for potassium on a watch-glass 
by means of hydrochlorplatinic achl, a yellow crystalline pn‘cipi- 
tate showing the presence of potassium. The larger part of the 
solution is used in testing for sodium by means of the flame n'ac- 
tion, and the potassium pyroantimonatc*. A white crystalline 
precipitate with the lattcT reagent shows the presiMice of scnlium. 

GROUP IV. ALKALINE EARTHS. 

CALCIUM, At. Wt. 40. STRONTIUM, At.Wt. ST.O. HAHIUM, At. Wt. 137.4. 

OKNEIUL CHAUA(TEUlSTnj UKACTIOXS. 

The metals of the alkaline-earth group are bivalent and heavier 
than water, whicli they decompose slowly at ordinary temi)era- 
tures, with evolution of hydrogen and formation of difrumltly solu- 
ble hydroxides of strongly alkaline reactiem. The* salts are mf>stly 
colorless and insolul)le in watc*r. The halogen eom|)ounds, nitrat(‘s, 
nitrites, and acetates arc soluble in water. The carbonates are 
insoluble in water anil arc decomposed on ignition into carbon 
dioxide, and white infusible, strongly luminous metallic oxide: 


CaCOj-TOj+CaO. 

Barium carbonate is an exception to the gimeral rule. It loses its 
carbon dioxide only when heated to a white hc^at, and the* oxide is 
not very luminous. 

The sulphates and oxalate.s an* very difficult ly sf)Iuble. The sul- 
phate of barium is the most in.solublo ami calcium sulphate the most 
soluble; of the oxalates, the calcium salt is tin* mf).st insoluble. The 
solubility of the strontium salt is always mlflway bc tw(‘(*n that of 
the corresponding calcium and barium salt, for the atomic weight 
of strontium, of which the solubility is a function, lies midway 
between the atomic weights of barium and calcium. The halogen 
salts are volatile and impart a characteristic color to the flame. 

The metals of this group form oxides of the general tyjjc ItO, an<l 
peroxides corresponding to the formula RO2. The latter, on treat- 
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ment vAih acids, give hydrogen peroxide and salts corresponding 
to the oxide RO : 

ROa+2HCl=HA+RCa,. 


Calcium, Ca. At. Wt. 40 . 1 . 

Sp. Gr. 1.58. 

Occurrence , — Calcium is widely distributed in nature. It is 
found in enormous deposits in all stratified formations as carbonate 
(limestone, marble, chalk), often rich in petrification. The car- 
bonate, CaCOg, is dimorphous, crystallizing in rhombohedrons as 
calcitc and in the orthorhombic system as aragonite. Calcium 
also occurs in largo masses as sulphate, partly as monoclinic crys- 
tallizing gypsum, Ca8()4 -21130, and partly as the anhydrous 
anhydrite, Ca804, which crystallizes in the orthorhombic system. 
Calcium also occurs as fluoride, fluorite, CaFj, which crystallizes in 
the isometric system, with perfect octahedral cleavage ; as apatite, 
Cl 

SCajPjOg • Ca<p, which belongs to the hexagonal system; and, 


finally, in innumerable silicates, such as the monoclinic wollastonite, 
CaSiOj, and the triclinic anorthite, CaAljSijOg. The calcium 
minerals are the chief representatives of several important isomor- 
phous groups: 


Ccdcite Group, Rkombohcdral, 
Calcitc, CaCOg 

Magnesite, MgCO, 

Dolomite, | CO, • 

Siderite, Fc’CO, 

Smithsonite, Z11CO3 
Ilhodochrosite,MnCOj 
Anhydrite Group, Orthorhombic. 
Anhydrite, CaS04 

Celestitc, SrSOg 

Barite, Ba804 

Anglcsite, PbSOg 


Aragonite Group, Orthorhombic. 
Aragonite, CaCOg 

Strontianite, SrCO, 

Witherite, BaCO, 

Cerussite, PbCO, 


' Apatite Group, Hexagonal. 
Apatite, SCajPjOg + Ca(QF) 

Pyromorphite, SPbjPjOg + PbCl, 
Mimetite, SPbgASjO* + PbClj 

Vanadinite, SPbjVjOg + PbCl, 


REACTIONS IN THE WET WAY. 

1. Ammonia, in case it is free from carbonate, produces no pre- 
cipitate with calcium salts; on standing in the air, however, it 
absorbs carbonic acid and causes a turbidity of calcium carbonate. 
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2. Ammonium Carbonate. — ^Tho commercial salt is a mixture 
of ammonium bicarbonate and anuiionium carbamate:* 

.NH, 


\OH 

Ammonium hioai jonato 


C()/' 

\0NH4 

Ammonium carbiuunto 


We therefore add ammonia to the reaKont , whereby the ammonium 
bicarbonate is changed to normal carbonate : 


< ONH,, 

+ NH,OII-Hj()+C( 
OH 



The commercial salt and ammonia produce in solutions containing 
calcium salts, at first a voluminous, Hoeky prt*cipitate, which on 
standing gradually becomes crystalline, the change taking place 
more quickly on heating: 


CaCl, + (NH,)A>s== 2NH4CI + CaCOj. 

This reaction is noticeably reversilile. Consequently, an excess of 
the precipitant should be added, ami the solution boiled only long 
enough to cause the precipitate to become erystallinc*. In the 
presence of considerable ammonium chloride, and with only a small 
amount of ammonium carbonate, the precipitate oft(*n fails to 
form. 

3. Ammonium Oxalate produces in neutral or alkaline solu- 
tions a precipitate of calcium oxalate, which when formed from 
ViSpld solutions is composed of extremely fine crystals, hard to 
. filter, while from hot solutions larger crystals are formed: 

COONH4 COOv 

' +CaCl2=2NH4Cl+ | yCa. 

COONH4 C()(K 


♦The ammonium carbamate is changed completely to ammonium car- 
bonate on warming the aqueous solution to 00^ 

/NH, /ONH, 

c-o 4-H,o-a) 

\()Ml4 VlXH* 

Ammonium carbamate prcKluces no precipitate* with calcium salts In the 
cold, because calcium carbamate is soluble. If, however, the solution be 
heated, the calcium is qupntitativcly precipitated as carbonato: 

/NH, 
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Calcium oxalate is practically insoluble in water and acetic acid, 
but dissolves readily in mineral acids: 


COa COOH 

I ^a+2HCl=CaCl,+ I 
COCK COOH 


Ammonia precipitates from such a solution calcium oxalate again, 
the excess of mineral acid, as well as the oxalic acid which was set 
free, being changed to ammonium salt, causing the re-formation of 
the calcium oxalate. 

Calcium oxalate on being boiled with sodium carbonate solution 
is easily changed to carbonate: 


COOv 

|^^pOa+Na,CO,= 


^ Na2C^0'4 •f* CaCO|. 


4. Sulphuric Acid produces a preiipitatc only in concentrated 
solutions: 

CaCl 3 +H,S 04 = 2 HCl+CaS 0 ,. 

100 parts water dissolve at 40° C. 0.214 gm. CaS04+2H,0. 

If alcohol is added to an aqueous solution of calcium sulphate, 
all of the calcium salt will be precipitated. 

Calcium sulphate dissolves in hot dilute hydrochloric acid, 
and also in concentrated ammonium sulphate solution, forming 
[Ca(S04),](NH4)„ which is decomposed by water. 

5. Calcium Sulphate solution pro<luccs no precipitation with 
calcium salts. (Note distinction from strontium and barium.) 

6. Sodium Phosphate (N{4HP04) produces in neutral solutions 
a white flocky precipitate of calcium hydrogen phosphate: 


NaO\ 

CaCl,+Na(>^0-2NaCl+ 
HO / 


Ca<^PO. 

ho/ 


If ammonia is added to the solution at the same time, tertiary 
calcium phosphate will be precipitated: 

2Na,HP04 + 2NH,+ 3 CaCl, = 4 NaCl + 2NH4CI + Ca,P, 0 ,. 

Both of these phosphates of calcium are soluble in mineral acids, at 
even acetic acid; From such solutions ammonia always predpi- 
tates the tertiary salt. 
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7. Chromates of the Alkalies do not precipitate calcium salts. 
(Note distinction from barium.) 

8. Absolute Alcohol, or a mixture of equal parts of absolute 
alcohol and ether, dissolves Iwth the nitrate and chloride of calcium. 

All deliquescent salts, ujh the exception of pitassiinn carbonate, 
dissolve in absolute alcohol. All otlier salts art*, as a rule, insoluble, 
or very difficultly soluble, in absolute alcohol. An (*xception to this 
rule is found in the case of mercuric chloride*, wliicli is not hyj^ro- 
scopic, and is much more readily soluble in alcohol than it is in 
water. 

9. Water decomposes the carbide, phosphide, and nitride of 
calcium at the ordinary temperature, as follows: 

(а) The carbide: 

CaC,-f2HOH=*Ca(OH),+C,H3. 

Aoetylend 

Acetylene is evolved by the reaction, a gas with a peculiar smell.^ 
If this gas is conducted into an ammoniacal cop)x*r solution, it 
rapidly produces a red precipitate of copper acetylide. The latter 
compound is harmless so long as it is moist ; but in the dry state it 
can be readily exploded by a blow^ by rubbing, or by simply warm- 
ing. 

(б) The phosphide : 

CoaP, + 6HOH = 3Ca(OH) , + 2PH,. 

The garlic-smelling phosphine gas which is evolved is sponta- 
neously combustible, because it always contains a small amount 
of the spontaneously combustible, liquid phosphuretted hydrogen 
(P2H4). 

(c) The nitride: 

Ca,N,+ 6HOH - 3Ca(()H), + 2N1I,. 

REACTIONS IN THE DRY WAY. 

Calcium compounds, on being heated with sodium carbonate 
before the blowpiixj, are changed to the white infusible oxide, 
which glows brightly when hot. 

The volatile calcium compounds color the non-luminous gas 
flame brick-red. 

^ Pure acetylene is odorless. Almost all calcium carbide contains a littla 
eal^um phospUde which evolves phosphine on treatment with water. 
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Spectrum . — Several lines in the orange and yellow, one in the 
green, and one in the ultra-violet. The orange and green lines are 
particularly bright. As a rule, at least three lines are seen — ^the ever- 
present sodium line, and, at about equal distances on the right and 
left, the bright green and orange lines (see chart). 

STRONTIUM, Sr. At. Wt. S7.6. 

Sp. Gr. 2.5. Melts at red heat. 

Occurrence . — Strontium occurs quite commonly with calcium, 
but usually in much smaller amounts. There are only a few real 
strontium minerals. The most important of these are : Strontianite, 
Sr(X)„ orthorhombic, isomorphons with aragonite; and celestite, 
SrS 04 , orthorhombic, isomorphous with barite. 

REACTIONS IN THE WET WAY. 

1. Ammonia: same as with calcium. 

2. Ammonium Carbonate: same as tvith calcium. 

.3. Ammonium Oxalate: same as with calcium; but the stron- 
tium oxalate is somewhat soluble in acetic acid. 

4. Dilute Sulphuric Acid produces a white precipitate of stron- 
tium sulphate: 

SrCl,+H,S 04 = 2 HCl+SrS 04 . 

Strontium sulphate is much less soluble in water than caldum 
sulphate (6900 parts of water at ordinary temperatures dissolve 
1 part SrS 04 ), but much more soluble than barium sulphate. It is 
soluble in boiling hydrochloric acid, and insoluble in ammonium 
sulphate. By boiling with ammonium carbonate solution, tiie 
strontiiuu sulphate is changed to carbonate : 

SrS04+(NH4),C0,=-SrC0,+(NH4),S04. 

5. Calcium Sulphate solution produces in neutral or weakly 
add solutions, after some time, a precipitate of strontium sulphate: 

SrCl,+CaS 04 -SrS 04 +CaC 4 . 

6. Chromates of the AlXalies produce in dilute solutions no 
predpitate (thus differing from barium); but from quite concen- 
trated solutions strontium chromate is precipitated. 
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7. Absolute Alcohol dissolves the doliqueseeiit strontium 
chloride. The nitrate is not deliquescent, and dot's not dissolve 
in absolute alcohol. 

REACnOV- IX the DRV WAY. 

Heated on charcoal Ix'fore the blowjnpe tlu* strontium com- 
pounds behave similarl}' to the caleiuiM eoiniMMinds. 

The volatile strontium salts color the nnii-lumiiious gas-flame 
carmine red. 

Spectrum . — A number of red lines and a blue line. 


Barium, Ka. At. wt. 1:17.10. 

Sp. Gr. about 4.0. The nu*Itinj^-|K)int is higher tliaii that of plat inum. 

Occurrence . — Like strontium, l)arium is alim^st always fountl 
associated with calcium, but only in small amounts. The most 
important barium minerals an': \Vith(*rite, IkiLt >3, orthorhombic, 
isomorphous with aragonite; barite, nr h(*avv spar, llaSO^, ortho- 
rhombic, isomorphous with aidiydrite; and th(‘ hydnnis barium 
aluminium silicate, harmotome, Ha.\IJl3Sij,(),5 1 IH^O. Ilarino- 
tome crystallizes in the inonoclinic system, and l>elongs to the class 
of zeolites. 


REACTIONS IN THE WET W'AY. 

1. Ammonia and Ammonium Carbonate: same as with cal- 
fium and strontium. 

2. Ammonium Oxalate: same as with calcium and strontium, 
except that the barium oxalate formed is much mon* soluble in 
water (1 part di.s.solves in 25!)0 i)arts of cold water), and is com- 
pletely soluble in acetic acid on boiling. 

3 . Phosphates of the Alkalies: same a.s with calcium. 

4. Chromates of the Alkalies produce in neutral solution^ of 
barium salts a yellow precipitate of barium chromate (thus dilTcring 
from calcium and strontium), 


BaCla+K,Cr04=2KCl + BaCrO^, 
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which is insoluble in water and acetic acid, but readily soluble in 
mineral acids; consequently barium solutions are not completely 
precipitated by a bichromate solution, 

2 BaCl,+K,CrA+H, 0 = 2 BaCr 04 + 2 HCl+ 2 KCl; 

for the mineral acid which is set free dissolves half of the barium 
chromate: 

BaCrO, + 2110 = BaO, + HJCtO,. 

By addition of sodium acetate the solvent action of the mineral 
acid is diminished, so that the precipitation becomes quantitative; 

CHjCOaNa + HCl = NaCl + CHjCO^H. 

5. Dilute Sulphuric Acid pnxluces, in even the most dilute 
solutions, a precipitate of barium sulphate: 

BaCl^ + 1 1,S( - 2HC1 + BaSO^. 


The precipitate is practically insoluble in water (1 gm. dissolves 
in 344,000 * liters of water), but it is soluble in hot concentrated 
sulphuric acid, forming an acid sulphate. 


BaS 04 +H,S 04 -Ba<f *, 


which decomposes, on dilution with water, into barium sulphate 
and sulphuric acid. Barium sulphate is also readily soluble in 
sodium thiosulphate, and slightly soluble in boiling hydrochloric 
acid. If barium sulphate is boiled with a solution of sodium car* 
bonate, it undergoes only a partial decomposition, because the 
reaction is reversible : 


BaS 04 +NajC 0 , BaC 0 |+Na,S 04 . 


In order to make this decomposition quantitative, the barium 
sulphate must be boiled with the sodium carbonate solution, filtered, 
treated with a new portion of sodium carbonate solution, and the 
process repeated until the filtrate no longer gives a test for sulphate. 
The more concentrated the sodium carbonate solution is, the more 


* Fr. Kohlrausch and Fr. Rose. 
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complete wll be the decom|K)sition. Tlie highest degree of eon- 
centration will lx? reached by fusion of the barium aulphaic with 
anhydrous sodium carbonate. 

Consequently, in onier to bring barium sulphate into solution, 
we proceed as follows: The snbstanee is inixcul with h>ur times jus 
much calcined sjxiium carbonate, and the mixtun* fused in a plati- 
num crucible. The prcxluct of the fusion is tn^ateil with a little 
water, boiled until the miuss is disiniegrattMl, filtered, washed with 
a solution of sodium carbonate (until the filtrate no lonpn* gives a 
test for sulphate), and then wjished with water. The barium car- 
bonate, wdiich remains undissolved, can lx* readily brought int(> 
solution by means of dilute hydrocliloric acid. 

If the product of the fusion is treated wit h considvrable water, the 
sodium sulphate formed reacts witii the l)arium carbonate, forming 
barium sulphate again. In this ease? the resitlue insoluble in water 
will not dissolve in hydrochloric acid to a clear solution. 

6. Hydrofluosilicic Acid produces a white, crystalline precipi- 
tate of barium silicofluoride: 

HjSiF, + BaCl,= 2HC1 + BaSiF,. 

In order to effect complete precipitation, the solution must stand 
some time. Barium silicofluori<le is difficultly soluble in water 
and dilute acids, and insoluble in alcohol. 

7. Absolute Alcohol dissolves neither the nitrate nor the chlo- 
ride; neither of these salts is delicjuescent. 

8. Concentrated Hydrochloric Acid and Nitric Acid will pre- 
cipitate from barium solutions the chloride and nitrate respectively. 


REACTIONS IN THE DRY WAY. 

Heated with sodium carbonate on charcoal Ixifore the blowpipe, 
the barium compounds, unlike calcium and strontium, do not give a 
brightly luminous mass, because the barium carbonate formed is 
not decomposed at this temperature into the infusible oxide and 
carbon dioxide, but sinters together without perceptible change. 
Volatile barium salts color the non-Iuminous gas-flame yellowish- 
green. The sulphate is only slightly volatile in the hottest flame, 
and in the ordinary gas-flame it shows scarcely any coloration. In 
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order to bring about the coloration, it is necessary to change the sul* 
phate into chloride, by reducing a small particle on a platinum wire 
in the upper reducing flame to sulphide and adding a little hydro- 
chloric acid by means of a capillary tube. The wire is then brought 
into the flame, and should give the characteristic flame coloration. 

Spectrum, — A number of lines are to be seen, some in the orange, 
but more in the green. 


Separation of Calcium, Strontium, and Barium. 

In the course of a systematic analysis these three metals are 
always obtained in the form of their insoluble carbonates, either 
by precipitation with ammonium carbonate or by fusion of the 
sulphate with sodium carbonate. 

The carbonates are treated in a small porcelain dish with dilute 
nitric acid (barium nitrate is insoluble in concentrated nitric acid), 
until all elTervesc<*nce has ceasc^d, and the contents of the dish 
cautiously (waporated to dryness (keeping the dish in constant 
motion) ; they are then heated until all moisture and nitric acid have 
been exp(»lled. The residue of nitrates must not be heated hot 
enough to decompose the nitrates into oxides. A small part of the 
residue is tlissolved in as little water as possible, and treated with 
calcium sulphate solution. 

If no precipitate is formed, then only calcium can be present. 

If a precipitate forms only after standimj some /me, then Imrium 
is absent. If a precipitate is formed immediately, then barium is 
present and calcium and strontium may he present. In both of the 
last two cases the nitrates must be examined for calcium, and in 
the last case? for strontium also. To effect this, the absolutely dry 
nitrates are treated with a small quantity of absolute alcohol, 
stirred with a glass rexi, and the alcoholic solution, which may con- 
tain calcium nitrate, is poured through a filter (previously moist- 
ened with alcohol) into a small porcelain crucible. The contents 
of the crucible are now evaporated to dryness, and any calcium 
salt adhering is removed by rubbing the inside of the cnicible with 
a piece of filter-paper, which must itself be free from calcium. 
The filtcr-papt‘r is fastened to a fine platinum wire, burned to an 
ash, moistened with hydrochloric acid (by means of a capillary 
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tube), and introduced into tlie non-Iuiuinous flame of tlie burner. 
A brick-red coloration shows calcium. 

If a considerable n‘siduo n'lnains after the evap«irntion of the 
alcohol, it can, of cmirse, be tester! for calcium without usin^ the 
filter-paper. A portion of the residue slmuld in this case he dis- 
solved in water, and tc‘ste<| f<^r calcium by means of aiumoniuni 
oxalate. A wiiite pn‘cipitat(% insoluble in acetic acid, shows the 
presence of calcium. 

In onler to detect Strontium, the (n*ipmd residue of nitrates 
is washed witli a])solute alcdhol (until the filtrate no longer gives a 
test for calcium witli sul|)huric acid), drit*d, mixed with an excess 
of ammonium chloride, and heattnl until vape^rs i»f ammonium salts 
are no longer given off. Hy this operation the nitrates of strontium 
and barium are changed to chlorides: * 

2Sr(\(),), + 6NH,Cl = 2Sr(:ijd ION -i 2(1+ 1211, 0.f 

The chlorides thus obtained an* trc»ated. ns abovi», with a little abso- 
lute alcohol, and the alcoholic solution is evapornti d and t4‘st4*d 
for strontium by means of the flame. .1 ennninv-red color shows 
strontium. 

The reshlue ins(dul)Ie in alcohol, which should be barium chlo- 
ride, is w'iished with absolute alcohol in onler to r(*move all the 
strontium chloride, and the residue is, in tliis case also, fi^sted with 
the flame. A ydlo\cisli-(jrcen color shows the presence of hnrium. 

Traces of alkalies and alkaline earths arc* recognized best l»y 
means of the sj)ectroscop<'. \/c* will, th(*refon*, at this place give 
a brief description of spectnim analysis. 

Spectrum Analysis (Bunsen and KirchhofT, 1865). 

If a ray of white light is pas.se<l through a glass prism, not only 
is the direction of the ray changecl, !)ut the white light is decom- 
posed into colors; it suffers di.sfx'rsion. It will l)e found that the 


♦ It is also easy to convert the iiifrat4?8 into chlorifJeH hy n^pfated evap 
oration with hydrochloric acid. 

t The following reaction also takes place to some extent: 

Sr(NO0, + 2NH,a - SrCI, + 4H,0 + 2NO + N,. 
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red rays are deflected least, while the violet rays are most deflected. 

The picture obtained— the 
spectrum — ^if projected on a 
screen (Fig. 6), does not show 
the colors sharply separated, but 
merging into one another. Such 
a spectrum is called a contin- 
uous, or uninterrupted, spectrum. 
Every glowing solid or liquid body 
emits white light; the spectra Ob’- 
tamed in all such cases will be a 
continuous one. Glowing vapors 
and gases behave quite differ- 
ently. They do not emit white 
light, but liglit composed of 
certain definite rays, which are characteristic for each gas and for 
each vapor. The light emitted from glowing vapors or gases, when 
dccompased by the prism, yields on the screen an intenupted spec- 
trum. If the light is passed through a fine slit before reaching the 
prism, the spectrum will be found to consist of a greater or less 



number of colored lines which always appear in the same place with 
any given substance, provided the prism or its position is not 
changed. In order to determine the exact position of these lines, 
we make use of the spectroscope of Bunsen and Kirschhoff (Fig. 6). 
Fig. 7 shows a cross-section of the apparatus. 

The substance to be examined is placed in the loop of a platinum 
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wire and introduced at -I into the non-Iunnnousgaa-flanie, by means 
of which it is volatilized. The ray.s of light piu««a through tlu* 
into the tube Sp, reach the prism, by which the rays are refnicteil 
into the telescope C (the collimator) and are observed at /). I’lxai 
a glass plate at the end of t^e tube Sk is a transpnn»nt scale, which is 
illuminated by a small flame at /i. This tube is so inclineil toward 


B 
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the face an of the prism that the rays of liglit from this tul)o are totally 
reflected into the tube C, and reach the eye of the* obscTver, so that 
the rays from the substance appear at a certain pc»sition on the scale. 
As, however, the position of the lines depends upon the disixTsivc 
power of the prism, and upon its angle of n^fraction, it is clear that 
the position of the lines will 1x5 somewhat difTenmt in cliffenmt 
spectroscopes. As every ray has a definite wave length, it is better 
to give the wave lengths of the rays which appear, rather than their 
position on the scale. 

Wave lengths are expressed in millionths of a millimeter and 
designated as ptp. 

According to the most accurate measurements the 


Red potassium line 

K, 

= 7700 


Violet potassium line 

K;j 

=4014 

ii 

Red lithium line 

Ida 

=6075 

it 

Yellow sodium line 

Na 

=5895 

it 

Green thallium line 

T1 

-5350 

it 

Blue strontium line 

Sr« 

=4608 

tt 

Blue indium line 

In. 

-4510 

tt 

A^olet indium line 

In, 

-4101 

ti 
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Ix't US assume that the foregoing lines were observed at the 
following positions on the scale: at 17, Ka at 159, Li a at 32, 

Na at 50, T1 at 68, Srj at 101, Ino at 111, and In p at 149. 

If now, upon a rectangular system of coordinates, we plot the 
wave lengths as ordinates and the corresponding scale divisions as 
abscissae, and connect the points of intersection, we will get a curve 
which cxpress(^s the relation Ixjtwcen the wave lengths and the 
corresponding divisions on the scale. We can, without serious 
error, regard the portions of the curve between tw'o points of inter- 
section as proportional to the corresponding scale divisions. 

The use of the curve may be illustrated by a single example : 

Suppose wc observe at the division 60 of the scale a line x. 
What is the corresponding wave length? The line lies between the 
sodium and thalliuin lines, w’hich are of known wave lengths. 

The sodium line lies at division 50 and corresponds to 5895 fF 
The thallium line 68 “ “ “ 5350 

Consequently 18 scale divisions— 545 
and 1 division =30.28 

The line x is at 60 - 50+ 10 divisions, and these correspond to 
Division 50 = 5895 /i/i 
10 divisions = 302. 8 
Division 60 = 5592.2 ‘‘ 

The scale divisions increase in their value as the wrave lengths 
diminish, so that we subtract the 302.8 from 5895. 

It is not pos.sible to volatilize all substances in the gas-flame. 
These non-volatile bodies will not give any flame spectra, but by 
means of the electric spark they will be volatilized enough to give 
spark spectra. As the determination of their spark spectra fur- 
nishes the only method by which the purity of many substances 
may be test('d, we will briefly outline the methods for the produc- 
duction of spark spectra: 

The apparatus invented by Bunsen consists of two platinum 
wires, which are each attached at one end to conical pieces of char- 
coal. The latter are soaked with a solution of the body to be 
tested. The two carbon points are now placed opposite to one 
another, quite near together; and the other ends of the platinum 
wires are connected with an induction coil, which causes sparks 
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to pass between the two carbon points, volatilizing some the salt. 
If now the sparks an* viewed through a s[H'etroseo|H', a large 
number of lines will be sevn, of which only a pari an* |)nMlueed by 
the substance itself. Some of the lines an* caus(*(l by the carbon 
points and some by the air. In order to determine which lines 
arc causc'd by the substance wdiich is being tesl('<l, the ex|H*riment 
is first performed without using any of the subslaiicc*,and tlu* spec- 
trum thus obtained is either <lrawn or phi»tograplu*d. 'Phe exp<*ri- 
ment is then performed with some of the salt impn'gnatetl in the 
carbon points and tlie new lines in tlu* spectrum will be causiul 
by the substance itsc*lf. 

Spark spectra can be mon* conviiiiently produ(‘ed by ineana 
of the so-called “fulguratnr'* of Dela- 
chanel and Mermet, as shown in Fig. 8. 

The salt solution is in a test-tube, so 
that the slit of tlu* sp(‘ctroscope can- 
not b(f contaminated with the spat- 
tered particles of the salt. 

The small apparatus of II. Dennis, 

Fig. 0, is also very convenii*nt for pro- 
ducing spark s|)(U!tra. The platinum 
wire X is fused in a glass tube and ends 
in a point of Owlon graphite, which 
extends up out of tlu* arm e of the aj)- 
paratus. Tlu? upjx’r pole is not shown 
in the illustration. 

In order to fill the tube m with the 
salt solution of the sulistancc to be 
tested, 8 is taken away, and the appara- 
tus is inclined to the left. The solution 
is poured in at the upper ctkI of ;//, 
when 8 is again introduced and shoved Fui. «. Fio, 9. 
down until it r(*aches nearly to the bedtom. jjie apparatus 
is now placed in a vertical position, whercby the licpiid in e rises 
until it is level with the low'cr end of s. On raising 8 th(; licpiid w'ill 
rise up to the upper edge of e. By means f»f electric si)arks from the 
carbon point, enough of the liquid is cvaporatcrl to afford the de- 
sired spectrum. Care should be taken to f>revent any spattering 
of the substance into the slit of the spectroscope. 
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In order to examine the spectra of permanent gases, small 
Geissler tubes are used, which are filled with the gas to be exam- 
ined. Besides flame spectra and spark spectra, there remain ab- 
sorption spectra to be mentioned. If white light is passed through 
a colored solution or gas, certain rays are absorbed by the liquid, 
so tliat if tlic light is now examined in the spectroscope, these rays 
will be found’ to be lacking. We see a bright spectrum broken by 
black bands (absorption bands) which are characteristic for differ-^ 
ent substances. Thus solutions of permanganic acid, neodymium, 
praseodymium, erbium, and many other siibsntaces give char- 
acteristic absorption spectra. These absorption spectra arc often 
obtained from colorless solutions. 
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In order to obtain any of the above spectra sharply defined, it 
is necessary to have the spectroscope properly adjusted, t.e., the 
rays must come parallel from the collimator tube into the telescope. 
The telescope is removed and adjusted for parallel rays by focusing 
it upon some distant object. It is then replaced, the prism re- 
moved, and the collimator tube brought exactly opposite the tele- 
scope, so that the slit of the fonner can be observed by the latter. 
The collimator tube must be lengthened or shortened until the 
picture of the slit is sharply defined. The prism is now replaced 
and the scale tube adjusted until the scale also can be seen clearly 
defined. The instrument is now ready for use. 

The direct-vision pocket spectroscope, with an arrangement of 
prisms as shown in Fig. 10, is veiy convenient for ordinary use. 
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GROUP III. AMMONIUM SULPHIDE GROUP. 

ALUMINIUM, TITANIUM, CHUOMIUM, IH(1N, URANIUM, ZINC, 
MANGANESE, NIUKEL, UGIUUT. (BEllYLI.IUM, ZIUWNIUM, 
THORIUM, \TTRIUM, E.IHIUM, UKRIUM, LAN THANUM, NEO- 
DYMIUM, PRASEODYMIUM, NIOBIUM, TANTALUM.) 


Aluminium, AI. At. Wt. 27.1. 

Sp. Gr. 2..'i6-2.G7. M. Pt, about C.^S“ C. 

Occurrence . — ^Aluminium occtirs vory oxfoiisively in nature, 
principally in the form of silicates, of which tlie fel(ls|iar.s ami inicaa 
with their decompo.sition products an; im|)ortaiit examjtlcs: 




/Si,0,=K 
'Asi,()g=AI 
^SLOgsAl 

Or^nelase 
(feldRpar) 


/SiO.sKH, A)\\ 
AlAsiO,=Al Al^Si(),slI,. 

\Si(),sAl \Si(),sAf 

Munotivite Knitlin 

(mica) (dcooiniHiNitiou protluci) 


Impure kaolin is called clay. 

Among the most important minerals which contain aluminium 
may be mentioned cryolite, AlK^Na,; spinel, AI,(),Mg, or mag- 
nesium aluminatc, which crystallizes in the regular system anil is 
isomorphous with magnetite, FcjOjFe, and chromite, Cr,0,Fe; 
alunite, A],K(S 04 ) 2 ( 0 U)«; aluminium hydroxide as 


/Oil 

hydrargillite, A1^)H, 
\OH 


monoclinic; 


/Oil 

Al^II JO 

bauxite, >0 , anddiaspore, Al^OII, orthorhombic; 
Al^OH 
\OII 


and corundum, A1,0, (ruby, sapphire, emery), which is hexagonal, 
rhombohedral, with a hardness of 9, and isomorphous with Fe,0, 
and Cr,0,. 

Aluminium is trivalent, of silver-white color, is only slightly 
affected by moist air, dissolves readily in hydrochloric acid, diffi- 
cultly in sulphuric acid, and very difficultly in nitric acid, but 
readily in sodium or potassium hydroxide solution with evolution 
of hydrogen and formation of aluminates: 

3A1+6K0H-2A1(0K), + 3 H 2 . 
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Aluminium forms only one oxide, AljOj, and consequently only 
one scries of salts. The salts are as a rule colorless, and those which 
are soluble in water show an acid reaction in aqueous solution, on 
account of their being hydrolyzed to a considerable extent. This 
explains the fact that on evaporating a solution of aluminium chlo- 
ride in water we do not obtain aluminium chloride, but the in- 
soluble oxide, or hydroxide: 

AICI 3 + 3H0H = A1(0H),+ 3Ha. 

The property which aluminium possesses of forming alums is 
very characteristic. The alums are double salts of aluminium 
sulphate with the sulphates of potassium, csBsium, rubidium, or 
ammonium, of the general formula 

AlnrSO^ 

\ +12H,0, 

R-SO4 

The alums crystallize in the regular system, usually in octa- 
hedrons, often combined with ooOoo and ocO. 

I'he sulphide of aluminium can be prepared only in the dry way* 
It is a bright-y('llow substance, which is hydrolytically decomposed 
even by cold water into hydrogen sulphide and aluminium hy- 
droxide: 

AljSa f- 6H0H - 3 H 2 S+ 2A1(0H),. 

Towards strong acids aluminium hydroxide plays theipart of an 
alkali, while towards strong bases, on the other hand, it acts as an 
acid. 


RKACTIONS IN THE W'ET W'AY. 

1 . Ammonia produces a gelatinous precipitate of aluminium 
hydroxide, which is somewhat soluble in water, but insoluble in the 
presence of ammonium salts: 

AICI 3 + 3NH4OH- A 1 ( 0 H),+ 3NH4GI. 

The property which the aluminium hydroxide shows of partly 
dissolving in water, is common to all colloidal substances. They 
can exist in an insoluble form as hydrogel, and in a soluble form 
as hydrosol. 
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On haUing a solution of the hydrosol, it can usually be chani^oil 
into hydrogel, or the same change will take place on aihling a salt 
to the .solution. The hydrosol form of aluminium hydrate' cannot 
be converted into hydrogel by boiling, but it can hr by the addition 
of salts* preferably ammonium .salts. //, therefore, we desire to 
precipitate aluminiuM from a solutiott by means of ammonia, we take 
care that a large excess of ammonium ehloride is present. 

The freshly-precipitated aluminium liy«lrnxiile is n^adily soluble 
in dilute acid.s; but after standing st»me lime iimler wateT, or after 
long boiling, it becouK's more diliie'ullly soluble, .so lhal it is nec(*.s- 
«ary to dige.st it with acid for a long time in order to bring it cean- 
pletely into solution. The hy<lrat<*, AUOIOj, is probably cliangesl 
into Al20(0H)4 or Al()(()n), which an* much mon* insoluble. .Ml 
three hyilrates occur in nature, Al(()H)j as hydrargilllte, Al, 0(011)4 
as bauxite, and Al()(()l I) JUS difi.s|>ore. The first dissolves in liot 
hydrochloric acid, but the two latt(*r <lo not. 

2. Potassium or Sodium Hydroxide produces tin* same* ])reci))- 
itate a.s ammonia which is, howeV(*r, in this cas(' soluble in i‘xce.ss 
of the reagent, forming an alkali aluminab*: 

AlCI^+iJKOll ;iK(;i |-A1(()II),, 

Al(()n),4- :3K()H ) f Al(( )K),. 

In this la.st reaction the aluminium hydroxide behavc*s as an 
acid. 

if we add dilute acid to a solution of an alurninate, there is 
formed at first a precipitate of aluminium hydroxide*, which dis- 
solves on further addition of acid: 

Al(OXa),-+- - 3\aCl-f A1(0H)„ 

A1(()H), f Alci,. 

The aluminates are also decornpo.se(l l>y ariunonitim salts, be- 
cause ammonium aluininatc suffers complete hydrolysis: 

Al(ONa),+ 3 NH 4 CI - 3NaCl f- A 1 ( 0 NH 4 ) 
and 

Al(0NH4),-h3H,0 =3NH40H-|- A1(0H),. 

♦ This principle is illustrated by the technical process of *' salting out” 
eolloidal dyes from their solutions. 
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Aluminium hydroxide is soluble in neutral tartrates of the alka< 
lies, BO that in the presence of tartaric acid there will be no precipi* 
tation on the addition of ammonia. Consequently the aluminium 
cannot be present in the solution in the form of the alumimum ion, 
but as a complex negative ion. The alumin um is present then in 
the solution, not in the form of positive aluminium ions, but in a 
complex negative ion, perhaps of the salt; 

COOK 

9®^\ai--oh 

CHO^ 

COOK 


Many other organic oxy-acida and oxy-compounds, such as 
malic and citric acids, sugars and starches, have the same effect of 
preventing the preeijoitation of aluminium hydroxide by ammonia. 

•3. Ammonium Sulphide causes precipitation of the hydroxide, 
because the sulphide is completely hydrolyzed by water: 

2A1C1,+ 3(NH,)^S= 6NH,a+ Al^„ 

A1^,+ 6H0H-2A1(0H),+3}4S. 

4. Alkali Carbonates precipitate aluminium' hydimride (hy- 
drolysis): 

2AlCl,-l-3Na,CO,-6Naa-l-Al,(CO,),. 
A1,(C0,),+6H0H =3H,CO,+2Al(OH)r 

3(H,0+cb,) 

5. Barium Carbonate, suspended in water and added to the solu 

tion of an aluminium salt, also precipitates the hydroxide: 

2A1C1,-1- 3BaCO,-»- 6HOH-3BaC4-|- 3H,CO,-l- 2Al(OH)^ 
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6. Alkali Acetates produce no precipitation in cold neutral 
solutions, but, on boiling the solution, a very volununous precipi- 
tate of basic aluminium acetate separates out: 

AlCl3+3NaCjH,0,=3NaCl+Al(Cjll3(\),(iii the cold), 

Siiluhio 

/Oil 

Al(CaII,0,),+ 2H0H A1A)11 i- 2110.11,0, (on boiling). 

\c,n,o. 

If the solution is allowed to cool, ihv luisic aluinininin acetate 
redissolves. The reaction is, ther(‘for(». a reversible one, and goes 
more completely from left to right according jus we incn‘juse the 
amount of water and raise the temperature. 

7. Alkali Phosphates, Na 3 HP 04 , give a gelatinous precipitate 
of aluminium phosphate: 

2 Na,HP 04 -f A1C1,= AlP 04 -f NaIf,P(\ f 3XaCl, 

or, on addition of ammonia, 

Na,HP04d- NII,+ AlCl,- AlP044-2i\aCl+ NH4CI. 

Aluminium phosphate is soluble in mineral acids, insoluble in 
acetic acid (differing from Ca, Sr, Ba, Mg), but readily soluble in 
sodium or potassium hydroxide solutions: 

AIPO4+ 6NaOH = Al(ONa),+ Na,P04d- 311,0. 

On boiling this alkaline solution (obtained in the last reaction) 
with ammonium chloride, a precipitate will be formed, consisting 
of a mixture of aluminium phosphate and aluminium hydrf>xid(s 
while barium chloride, on the contrary, will pn^cipitate barium 
phosphate from such a solution and leave the aluininate dissolved. 

8. Sodium Thiosulphate, NajH^O,, completely precipitates tho 
aluminium as hydroxide on boiling: 

2A1C1,+ 3Na,S,0,+ 3H0H « 6NaCl+ 3S+ 3S0,+ 2A1(0H),. 
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Detection of Aluminium in the Presence of Organic Substances. 

The presence of tartaric acid or other non-volatile organic oxy- 
compounds prevents the precipitation with the above reagents. In 
order to detect the presence of aluminium in such cases, the organic 
substance must be first destroyed. This is best accomplished as 
follows; Some sodium carbonate and a little potassium nitrate 
are added to the solution, which is then evaporated to dryness in 
a platinum dish, and the residue ignited, whereby the aluminium 
becomes aluminate, and the organic substance is destroyed with 
separation of carbon. If now the residue is treated with nitric acid * 
and filtxircd, the aluminium goes into solution as nitrate and can 
be precipitated with any of the above reagents. 

When strongly ignited, aluminium hydroxide loses water and 
forms the anhydride AljOj, which is scarcely soluble at all in hydro- 
chloric and nitric acids. In warm concentrated sulphuric acid, with 
a little water, it will dissolve after long digestion. The ignited 
aluminium oxide, as well as the natural conmdum, is most readily 
brought into solution by fusion with potassium pyrosulphate. 
The fusion is accomplished in the following way: About twelve 
times as much commercial potassium acid sulphate as there is 
oxide to get into solution is first heated by itself in a large platinum 
crucible over a small flame. The acid potassium sulphate melts 
readily, at about 300® C., gives off water (causing frotliing), and 
becomes changed into potassium pyrosulphate: 

®^»\OU so, -OK 

=H,0+ 

so,<^Sk so,-ok 

As soon as the frothing has ceased, the transformation into potas- 
sium pyrosulphate is complete. The dry oxide is now added to the 
crucible, and the heating is continued until the melt begins to solidify 

* If sufficient nitrate was present, the carbon will bo completely burnt 
to CO], and the residue then often contains undecomposed nitrate or nitrite. 
It would, therefore, be unwise to treat the residue in the platinum dish with 
hydrochloric acid, as aqua regia would be formed and the platinum would 
be dissolved. Consequently the residue is treated with nitric acid (or with 
hydrochloric acid in a porcelain dish). 
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(showing that a considerable amount of potassium sulphate, which 
melts much more difficultly than the pyrosulphate,has been formed), 
then the contents of the crucible are heated to a higher temperature 
and the heating is continued until the oxide has dissolved clear in 
the melt. By heating the pyrosulphate, SO 3 is given off, which in 
the nascent state and at the high temperature is very active: 

After the reaction is finished, the melt contains the aluminium 
as aluminium sulphate in the presence of potassium sulphate, 

AI3O3 - Al3(S04)3+ 3K3SO4, 

and both of these substances can be brought into solution by treat- 
ing them with water. 

The ignited aluminium oxide can also be brought into solution 
' by fusion with caustic alkalies: 

AI 3 O 3 + 6K0H=2A1(0K)3+ 3 H 3 O. 

This last operation is usually carried on in a silver crucible, never in 
platimim, as the latter would be strongly attacked. 

Native AI 3 O 3 (corundum, ruby, sapphire, emery) can be com- 
pletely brought into solution by fusion with potassium pyrosulphate. 

REACTIONS IN THE DRY WAY. 

Aluminium compounds, on being heated with sodium carbonate 
on charcoal before the blowpipe give a white, infusible, brightly 
glowing oxide, which, when moistened with cobalt nitrate solution 
and again heated, becomes a blue infusible mass (Thdnard’s blue). 
This test is best accomplished by taking a small piece of filter-paper 
with the aluminium oxide on it, fastening it in a platinum spiral, 
moistening the paper with a little dilute nitric acid and warming, 
so that the substance is dissolved as much as possible, impregnated 
in the fibres of the filter-paper, and spread over a considerable sur- 
face. A few drops of dilute cobalt nitrate solution are now added, 
and the mass is strongly heated. Traces of aluminium can be 
recognized by the mass turning to a blue color. The presence of 
. colored metallic oxides hinders the reaction. 

Aluminium salts arc not volatile, and do not color the flame. 
By ignition in the air, all aluminium salts, with the exception of the 
phosphate and silicate, are decomposed, leaving behind the oxide; 
2Aia3+ 03= AI3O3+ 3CI3, 

2 A 1 (N 03)3 =AlA-b3N305, 

. . A 1 ,(S 04)3 =Al303+3S0,. 
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CHROHinH, Cr. At. Wt. 52.1. 

Occurrence . — Chromium occurs in nature as chromite, Cr,0,* FeO, 
isomorphous with spinel (see aluminium); as monoclinic crocoite, 
PbGr04; and as laxmannite, a double compound of lead-copper 
phosphate and bade lead chromate, (Pb,Cu),(P04)2*Pb,0(Cr04)2. 
Furthermore, it is found in small quantities in many silicates, such' 
as muscovites, biotites, augites, etc., and consequently in their 
weathering products, as in many kaolins, bauxite, etc. 

Metallic chromium is a whitish crystalline powder, having a 
specific gravity of 6.81. 

'With oxygen it forms the following oxides: 

Chromous oxide Chromic oxide 

[Cr=0] Cr=0 

> 

Cr=0 

Chromium trioxide Chromium peroxide 

Cr,0, 


Cr|rO 

\0 


Chromium, therefore, exists in its compounds with a valence of 
either two, three, six, or seven. 

The oxides CrO and Cr,0, are basic anhydrides, and, on being 
dissolved in acids, yield the corresponding salts, the chromous and 
the chromic compounds. Chromium tiioxide is the anhydride of 
the hypothetical chromic acid, HjCr04, and forms chromates with 
bases. Chromium heptoxide has never been obtained pure; it is 
tegarded as the anhydride of perchromic acid, HCr04. 


I. Chbomous Compottnds. 

Chromous oxide is known only in tiiQ form of its hydroxide, 
Cr(OH)2, which, on being dried, loses hydrogen and water, leaving 
behind chromic oxide: 

2Cri;g2”H*+H»0+CrA- 

t 

Like the chromous hydroxide,- all chromous compounds are 
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extremely unstable, being changed readily by contact with the air 
into chromic compounds. 

Only the halogen compounds, the phosphate, carbonate, and 
acetate, are known in the dry state; the sulphate only in solution. 
The acetate, Cr(C2H802)3+ H3O, is a reddish-brown, crystalline body, 
insoluble in water, but readily soluble in hydrochloric acid. This 
solution, as well as that of all cliromous salts, absorbs oxygen with 
avidity, and is consequently used in gas analysis for the determi- 
nation of oxygen in gas mixtures. Solutions of chromous com- 
pounds may be readily obtained by the reduction of chromic com- 
pounds with nascent hydrogen (zinc and acid), out of contact with 
the air. 

On accoimt of the instability of these compounds the analytical 
chemist will rarely meet with them, so that we will pass over to the 
reactions of the chromic compounds. 

II. Chromic Compounds. 

All chromic compounds contain chromium as a trivalent element; 
they are colored either green or violet, and are soluble in water as 
a rule. The oxide, hydroxide, phosphate, anhydrotts chloride, and 
the svlphate (which has been strongly heated in a stream of carbon 
dioxide gas), are insoluble in water. Violet chromium chloride 
obtained in the diy way is insoluble in acids; it dissolves readily in 
water containing a trace of chromous chloride, or in the presence 
of stannous chloride (tin and hydrochloric acid). By dissolving the 
grayish-green chromic hydroxide in acids, gr^n solutions are always 
obtained, which on long standing become greenish violet or violet 
but on boiling become green again. Chromic sulphate forms, with 
sulphates of potassium, ammonium, caesium, or rubidium, the so- 
called chrome-alums, which crystallize in the regular system. 
These alums, like all other chromic salts, react acid in aqueous 
solution (hydrolysis). 

Chromic sulphide, CtjS,, can only be obtained in the dry way. 
On being treated with water it is quantitatively decomposed into 
hydroxide and hydrogen sulphide. 
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REACTIONS IN THE WET WAY. 

1. Aiounoiiia and Ammoniuxn Sulphide produce a grayish- 
green, gelatinous precipitate of chromic hydroxide: 

CrCl, + 3NH4OH = 3NH4CI + Cr(OH), 
and 

2Cia,+3(NH4)jS+6HOH=6NH4a+3H,S+2Cr(OH),. 

Chromic hydroxide is somewhat soluble in excess of ammonia, 
forming a violet-colored solution, particularly soluble when the 
ammonia is added to a violet solution of a chromic salt, in the 
presence of ammonium salts. This is caused by the formation 
of chromic-ammonium compounds, which, however, may be decom- 
posed by boiling the solution until the excess of ammonia has been 
driven off, when the chromium is quantitatively precipitated as 
hydroxide. In order, then, to precipitate the chromium from a 
solution as hydroxide, it is necessary to precipitate at a boiling 
temperature, and to use as little ammonia as possible. 

By ignition of chromic hydroxide, green chromic oxide is ob- 
tained, which after strong ignition is insoluble in acids. In order 
to bring it into solution, it must be fused with potassium pyrosul- 
phate, as was described in the case of aluminium oxide; or with 
sodium carbonate and nitre in a platinum crucible, whereby it 
goes over into readily soluble sodium chromate: 

Gr20j+2NajC03+03=2Na2Cr04+2C02. * 

If the product of this last fusion is dissolved in water, acidified 
with hydrochloric acid, and boiled with alcohol, a green solution 
of chromic chloride will be obtained (page 84), from which the 
chromium can be precipitated as hydroxide with ammonia. On 
fusing with sodium carbonate and potassium nitrate in a platinum 
crucible, the latter will always be slightly attacked, so that a small 
amount of platinum will go into solution with the fused mass; 
it can be removed, after the treatment with hydrochloric acid, by 
passing hydrogen sulphide into the boiling solution, and filtering off 
the precipitated platinum sulphide. 

2. Potassium and Sodium Hydroxides cause the same predpi- 
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tation as ammonia; only the precipitate is readUy soluble in excess 
of the reagent, forming a green chromite: 

GrGl,+3KOH=3Ka+Gr(OH), 

and 

Cr(OH),+3KOH 3H,0+Cr(0K),. 

Chromic hydroxide behaves here as a weak acid. The reaction 
is reversible, the presence of considerable water causing the reac- 
tion to go from right to left, particularly at the boiling tempera- 
ture. By boiling the dilute solution, complete hydrolysis takes 
place; the chromium is almost quantitatively precipitated as hy- 
droxide (differing from aluminium). 

3. Alkali Carbonates, Barium Carbonate, Ammonium Sul- 
phide, and Alkali Thiosulphates precipitate chromic hydroxide, 
as with aluminium. 

4. Alkali Phosphates g^ve a greenish, amorphous precipitation 
of chromic phosphate: 

2 Na,HP 04 -l-Gra,= 3 NaCl+NaH,P 0 ,+CrP 0 ,. 

CJhromic phosphate is readily soluble in mineral acids and in 
cold acetic acid. On boiling the acetic acid solution, chromic 
phosphate separates out again. 

5. Alkali Acetates produce in solutions of chromic salts no pre- 
cipitation, neither in the cold nor on boiling. If, however, consid- * 
erable amounts of aluminium and ferric salts are present at the 
same time, the chromium will be almost quantitatively precipitated 
with the iron and aluminium as basic acetate. In case, however, 
chromium predominates, only a part of the metals will be precipi- 
tated as basic salts; the filtrate will contain iron and aluminium 
with chromium. In the presence of chromium, the basic acetate 
separation is alvtays uncertain. 

6. Hydrogen Sulphide produces no precipitate in acid solutions 
of chromic salts. 

HI. Chromates. 

Chromium trioxide, CrOj, forms red orthorhombic needles, 
which dissolve readily in water to an orange-red solution. If we 
neutralize this solution with potassium hydroxide, it becomes 
yellow, and on evaporation we obtain the beautiful yeUow-colored 
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KfirOt, the potassium salt of chromic acid, H}Cr04. If the yellow 
solution of potassium chromate be acidified, and then allowed to 
ciystallize, we obtain the beautiful orange-red prisms of triclinic 
potassium dichromate crystals, KjCtjO,. 

The aqueous solution of potassium chromate, K]Cr04, contains 
colorless potassium ions and yellow Cr04 ions, 

- 4 - 4 - — “ 

KjCr 04 ^ K^-fCr 04 , 


while the aqueous solution of potassium dichromate, 
contains, in the presence of the colorless potassium ions, the orange- 
red colored (>207 ions: 


KjOjOy :p± I^-fCrjOy. 


We are able, therefore, to determine from the color of a chro- 
mate solution the nature of the chromate ion which is present. 
Since* now, chromium trioxide dissolves in water with an orange- 
red color, wc must assume that we have in the aqueous solution 
dichromic acid, or rather the dichromate ion, although the free 
acid itself has not yet been isolated. The normal chromic acid, 
H2Cr04, appears not to be capable of existence even in aqueous 
solution. 

Remark, — ^Although we may judge as to the color of the ions 
from the color of the solution,- and often predict what the color of the 
solid salt will be, yet, on the other hand, we cannot tell what the 
color of the solution will be from that of the salt itself. Yellow 
lead iodide dissolves in water to a colorless solution, and the yellow 
and red iodides of mercury, although only slightly soluble, also do 
not 3dcld colored solutions. 

If the solution of a salt is colored, the salt itself will be colored; hut 
the reverse is not always true. 

All chromates arc insoluble in water, except those of the 
alkalies, calcium, strontium, and magnesium. All chromates dis- 
solve in nitric acid, except fused lead chromate, which dissolves 
with difficulty. 


Forrnalion of Chromates. 

All chromium compounds may be readily oxidized to chromates. 
According to whether the compound is soluble in water or not, 
different methods are used to effect the oxidation. 
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The oxidation of aolvble chromatee in alkaline ecivtione takee 
place — 

(а) By the halogens. If sodium or potassium hydroxide is added 
in excess to a solution of a chromic ^It, and chlorine or bromine is 
conducted into the solution, the oxidation will be complete in a few 
minutes; the green chromite solution becomes a bright yellow: 

2Cr(0K)3+4K0H+3Cl«=6KCl+2H20 I 2 KaCr 04 
and 

2Cr(OK)»+4KOH +3Bii-6KBr+2HaO + 2 K 2 C 1 O 4 . 

Chromic compounds may be also oxidized by halogens in the 
presence of sodium acetate, the reaction going extremely slowly 
in the cold, but very quickly on warming: 

CrCl,+ 8 NaC,H, 0 ,+ 4 H, 0 + 3 Cl= 6 NaCH- 8 HC,H, 0 ,+Na,Cr 04 . 

(б) By hjrpochlorites (sodium hypochlorite, chloride of, lime, 
etc.) : 

2 Cr( 0 K),+H, 0 + 3 Na(Xll= 3 Naa+ 2 K 0 H+ 2 K,Cr 04 . 

(c) By lead peroxide. The alkaline solution is boiled with lead 
peroxide: 

2Cr(OK),+3PbO,=2PbO+Pb(OK),+2K,GrO«. 

(d) By hydrogen peroxide, 

2 Cr( 0 K),+ 3 HA= 2 K 0 H+ 2 I^ 0 + 2 K,Gr 04 , 

the reaction taking place on warming. 

(c) By freshly-precipitated manganese dioxide. The oxidation 
takes place on boiling the neutral or slightly acid solution: 

2 CrCl,+ 3 Mn 0 ,-t- 2 H, 0 = 3 MnCl,-l- 2 H,Cr 04 . 

Oxidation in add sohdion may be effected only by means of 
potassium chlorate in the presence of strong nitric acid. 

In the case of an insoluble chromium compound, such as strongly- 
ignited chromic oxide, or the mineral chromite, the oxidation is 
effected by means of fusion with sodium carbonate and either 
potasaum nitrate or chlorate (cf. page 88). The alkali chromates 
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thus obtained are of a deep-yellow color, and are readily soluble in 
water. 

If acid is added to the solution of a normal chromate, the color 
is changed to orange in consequence of the formation of a dichro- 
mate: 


/OK 

CrO, 

\OK 

/OK 

CrO, 

\OK 


H 




CrO, -OK 

=K,S 04 +H, 0 + 

CiO,-OK 


Conversely, the dichromates of the alkalies are changed back 
into normal chromates by the addition of caustic alkali or alkali 
carbonates to the solution: 


K,Cr, 0 ,+ 2 K 0 H=H, 0 -|- 2 K,Cr 04 

and * 

K,Cr, 0 ,+K,C 0 ,=C 0 ,-l- 2 K,Cr 04 , 

the solution becoming yellow again. 

While alkaline solutions of chromic salts readily take on oxygen 
and become chromates, acid solutions of chromates, on the other 
hand, give off oxygen just as readily and become reduced to chro- 
mic salts again. Chromic add and chromates are strong oxidizing 
agents in add solutions. 

The equation of oxidation, reduced to its simplest form, is as 
follows: 

2Cr0,=Cr,0,-|-0,. 


This decompodtion, which takes place readily on igniting chro- 
mium trioxide, takes place just as readily in aqueous solution in 
the presence of readily oxidizable substances; thus ferrous salts 
arc, even in the cold, immediately oxidized to ferric salts: 

(o) By chromium trioxide: 

2CrO, + 6FeO =• 3Fe,0,-}- Cr,0,. 

(b) By potassium dichromate, 

K,Cr,0,-K,0-2Cr0„ 

K,0 • 2CrO, + 6FeO "* 3Fe,0, + Cr,0, -h 
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but it is necessary that sufficient acid be present in order to dis- 
solve the oxides which are formed: 

2 C!r 0 ,+ 6 FeS 04 + 6 H,S 04 = 6 H, 0 + 3 Fe,(S 0 «),-|-Cr,(S 04 )„ 

K,CrA+6FeS04+7H,S04-7H,0+K^04+3Fc,(S04),+Cr,(S04),. 

Similarly avlphurous acid, hydrogen sulphide, and hydriodic acid 
are oxidized at the ordinary temperature almost immediately; 
oxalie add and alcohol on long standing, but quickly on heating; 
hydrochloric and hydrdbromic acids only on warming. 

Sulphurous acid is oxidized to sulphuric acid: 

K,CrA+ 3H,SO,+ H,S04= K,S04+ Cr,(S04),+ 4H,0. 

Hydrogen sulphide is oxidized to sulphur, which separates and 
makes the solution turbid: 

K,Cr,0,+ 3H,S+ 4 H^ 04 = KjS 04 + Cr,(S 04 ),+ 7H,0+ 3S. 

Oxalic acid, HjC, 04 , is oxidized to carbonic acid: 

K,CrA+ 3H,C,04+ 4H,S04= K^04+ Cr,(S04),+ 7H,0+ 6CO,. 

Hydriodic acid is oxidized to iodine: 

KjCr A+ 6HI+ 4H,S04 = K^04+ Cr*(S04),+ 7H,0+ 61. 

With ^ these reactions a change of color from yellow to green 
takes place, the yellow chromale being reduced to green chromic salt. 
In the case of the oxidation of hydriodic acid in the cold the 
solution will not become green, but brown, on account of the sepa- 
ration of iodine. If, however, the solution is heated to boiling, the 
iodine is volatilized and the green color appears. 

Hydrochloric acid also is oxidized to chlorine by means of 
chromic acid: 

K,Cr,0,+ 14Ha=2Ka+2Cra,+ 7H,0+3Cl2. 

As this reaction takes place only on wanning, it furnishes us 
with a convenient method for preparing small quantities of chlorine 
for analytical purposes, because the evolution of chlorine ceases as 
soon as the lamp is taken away. It is necessary, however, to em- 
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ploy ail excess of hydrochloric acid, as otlierwise no chlorine will be 
evolved owing to the formation of potassium chlorochromate: 


/OK 

CrO, yOK 

y) +gg=H,0+2C^, 

CrO, Na 

\OK 


which is decomposed on adding more hydrochloric acid: 
/OK 

2CrOj + 12Ha«2Ka+2CrCl,+ 6HaO+6a. 

\ci 


If alcohol and hydrochloric acid are allowed to act simulta- 
neously upon a chromate (the reaction takes place on gentle warm- 
ing without the evolution of chlorine), the alcohol is oxidized to 
aldehyde: 

K3Cr30,+ 3C,H50H+ Saa^7JIfi+ 2KC1+ 2CrCl3+ SC^CHO. 

This last reaction is taken advantage of when it is desired to reduce 
a chromate, because the aldehyde (recognizable by its peculiar 
empyreumatic odor) and the excess of alcohol are easily removed 
by warming the solution, and the latter then contains simply the 
chromium and the metal of the chromate as chlorides. 

By boiling chromates with concentrated sulphuric acid, reduc- 
tion takes place with evolution of oxygen: 

2K2Cr207 +8H2S04=2K2S04+2Cr2(S04)3 + 8 H 2 O +302* 

The behavior of free chromic acid towards hydrogen peroxide is 
characteristic. Neutral hydrogen peroxide added to a solution con- 
taining free chromic acid gives a blue color when the two liquids 
meet. On stirring the solution a green color is obtained, due to 
the mixture of blue perchromic acid and orange-yellow chromic 
acid. This green color disappears gradually. 

The chromic acid is first of all oxidized to blue perchromic acid, 
but this gradually loses oxygen, forming chromic acid again. On 
adding an excess of hydrogen peroxide, first a blue color is obtained 
which disappears with evolution of oxygen, and the solution becomes 
A dirty green in color owing to a partial reduction of the perchromic 
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acid to chromic hydroxide, and the latter usually is precipitated on 
warming. If sufficient mineral acid is present all of the chromic 
acid is reduced to chromic salt. 

Since the formation of the intense-blue-colored perchromic acid 
takes place so readily, we ha^'c here a sensitive test for free chromic 
acid, which is made as follows: One or tw^o cubic centimeters of 
'hydrogen peroxide are treated with a few drops of dilute sulphuric 
acid and shaken with 2 c.c. of ether, after which a little of the 
chromate solution is added and the mixture again shaken. In the 
presence of I/IO milligram of chromic acid, the upper liquid ether 
layer is colored intensely blue, and the reaction is noticeable with 
only 7/1000 milligram of chromic acid (Ijehncr). 

Only free chromic acid gives this test. We have, therefore, an 
excellent means for detecting free chromic acid in the presence of a 
dichromate. 

Commercial hydrogen peroxide always reacts acid, and must be 
neutralized before being used for this test; otherwise dichromates 
will give the same reaction. If, on the other hand, it is desired to 
test for chromic acid without regard to whether it is present in the 
free state or as a chromate, it is evident that the neutralization of 
the hydrogen peroxide is unnecessary; for in this case it is well to 
acidify the solution to be tested with sulphuric acid before the addi- 
tion of the hydrogen peroxide. 

Most chromates are insoluble in water, and exhibit characteristic 
colors; therefore the easiest test for chromium is to change it to a 
chromate. 

Reactions for the Precipitation of Chromic Acid. 

1. Sulphuric Acid . — DihUe sulphuric acid causes, at the most, a 
change of color from yellow to orange, without any evolution of gas. 

Concentrated sulphuric acid causes a change to orange color, and 
often the separation of red needles of CrO,; the solution on being 
heated becomes green, the chromic acid being reduced to chromic 
salt with evolution of oxygen: 

2 Cr 03 + 3H,S04-3H30+30+ Cr3(S04)a. 

2. Silver Nitrate produces in neutral chromate solutions a 
brownish-red precipitate of silver chromate: 

K,Cr04+ 2 AgN 03 = 2 KN 0 a+ Ag 2 Cr 04 , 
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soluble in ammonia and mineral adds (hydrochloric add changes 
it into insoluble silver chloride and chromic acid), insoluble in 
acetic acid. If to a moderately concentrated solution of potassium 
dichromate, silver nitrate be added, a reddish-brown predpitate of 
silver dichromate is formed: 

K,CrA+ 2AgNO,- A&CrA+ 2KNO„* 

which, on being boiled with water, is changed into chromic add 
and normal silver chromate: 

2AgaCr ,0,+ H,0 = H,C5r»07+ 2Ag,Cr04. 

3. Lead Acetate produces in solutions of normal chromates and 
dichromates a yellow precipitate of lead chromate, which is soluble 
in nitric acid but insoluble in acetic acid : 

K;Cr 04 +Pb(Cl,HA)*= 2 KC,H, 0 ,+PbCr 04 

and 

K,CrA+ 2 Pb(C,HA),+H, 0 - 2 KC,HA+ 2 HC,HA+ 2 Pb<S 04 . 

If lead nitrate is used instead of lead acetate, the precipitation is 
not complete unless sodium acetate is added. 

4. Barium Chloride produces in solutions of normal chromates 
a yellow precipitate of barium chromate : 

K,Cr04+BaCl,=2KCl+BaCr04, 

soluble in mineral adds, insoluble in acetic acid. From solutions 
of dichrcanates the predpitation is complete only on addition of an 
alkali acetate (cf. page 60). 

5. Mercurous Nitrate produces in the cold a brown predpitate 
of basic mercurous chromate : 

3 K,Cr 04 + 4 Hg,(N 0 ,),+Hs 0 = 6 KN 0 ,+Hg,Cr, 0 „+ 2 HN 0 „ 

which on being boiled goes over into fiery-red, neutral, mercurous 
chromate: 

Hg,CrA,+ 2 HN 0 ,-Hg,(N 0 ,),+H, 0 + 3 Hg,Cr 04 . 

* In the presence of sodium acetate neutral silver chromate is pieoipl*, 
tated: 

EAA+4AgN0,+H,0+2NaC,HA- 

2KNp,+2NaNOi+2HC,HA+2A&CrO«. 
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Behavior of Chromium Triozide and Chromates on I gnition. 

As already mentioned, chromium trioxide is decomposed on igni* 
tion into chromic oxide and oxygen, 2CrO,— C tjOj+O,. The chro* 
mates of ammonium and mercury behave quite similarly. Thus 
normal ammonium chronuUe on ignition is changed to chromic oxide, 
ammonia, nitrogen, and waJter, 

We can represent this reaction somewhat as follows: first, the 
chromate splits up into the basic and acid anhydrides: 

2 (NH 4 ),CrO«= 2(NH,),0 + 2CrO, 

The ammonium oxide is broken up into ammonia and water, while 
the chromimn trioxide is decomposed into chromic oxide and 
oxygen, 

2(NH,),0=4NH,+2H,0, 

and 

2Cr0,=Cr,0,+0,. 

The oxygen, however, is used up immediately in oxidizing a part 
of the ammonia to water and nitrogen, 

2NH,+0,=3H,0+N„ 

so that the whole reaction takes place according to the equation 

2(NH4),Cr0,-2NH,+2N+5H,0+CrA. 

Ammonium Bichromate evolves only water and nitrogen: 


(NH4),Cr»OT=4H,0+N,+Cr,0,. 


This decomposition takes place violently with scintillation. The 
chromic oxide which remains behind is very voluminous and re- 
minds one of tea-leaves; consequently it is sometimes called “ tea- 
leaved oxide. ” 

Mercurous Ckromote is decomposed on ignition into diromic 
oxide, metaUic mercury, and oxygen: 

^B[g2Cr04*2Cri03 +8Hg -I-SO 2 . 
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The Dichromatee of the Atlkaliee are changed on ignition into 
normal chromate, chromic oxide, and oxygen: 


4KaCri07 = 4K2Ci04 + 2 Cr 203 +302« 


BEACnONS OF CHBOMIUM IN THE DBY WAT. 

All chromium compounds color the borax, or salt of phosphorus, 
bead an emerald green both in the oxidizing and reducing flames. 
Heated with sodium carbonate on charcoal before the blowpipe, 
all chromium compoxmds yield a green slag, which after long heat- 
ing is changed to green infusible chromic oxide. By fusing with 
soda and nitre in the loop of a platinum wire, all chromium com- 
pounds yield a yellow melt of alkali chromate: 

2Cr203 + 4Na2C03 + 3 O 2 = 4Na2Cr04 + 4 CO 3 . 

If the fused mass is dissolved in water and acidified with acetic 
acid, the solution will give with silver nitrate a reddish-brown 
precipitate of silver chromate. This reaction is very delicate and 
serves for the detection of minute traces of chromium. Cloth 
which has been dyed with a chromium mordant can be tested in 
this way; the ash from a thread five cm. long is sufficient to give 
this test. 


iROir, Fe. At. Wt. 56.9. 

Occurrence. — Native iron is rarely found. It occurs in basaltic 
rocks; also in meteorites, associated with nickel, cobalt, carbon, 
sulphur, and phosphorus. 

The most important iron ores are the oxides and the sulphides. 
Of these may be mentioned: — 

Hematite, FejOi, isomorphous with corundum; magnetite, 
Fe,0„ isomorphous with spinel; gothite, FeHOj, isomorphous with 
diaspore and manganite; limonite (bog ore), Fe(OH)„ which is 
used in the purification of illuminating-gas; p]nrite, FeSj, which 
crystallizes in the isometric system; marcasite, FeS}, orthorhombic. 
Iron disulphide is, therefore, dimorphous. Another important iron 
ore is siderite, FeCOi, which is rhombohedral. 



IRON. 




The metallic iron of commerce is never pure, but contains tron 
carbide, iron sulphide, iron phosphide, iron sUidde, corresponding 
manganese compounds and graphile, etc. 

On dissolving commercial iron in acids (HjSOi, HG), hydrogen, 
contaminated vdth small amounts of hydrocarbons, hydrogen 
sulphide, mercaptans, phosphuretted hydrogen, and silicon hydride 
are ^ven off, and the latter compounds give to the gas its unpleasant 
odor. There remains ajmost always an \mdissolved residue con- 
sisting chiefly of carbon. 

Iron is bivalent or tri valent, and forms the following oxides: * 


Iron protoxide 
Ferrous oxide 


FeO 


Iron aesquioxide 
Ferric oxide 


Fe^O 

Fe:^ 


Ferrous-ferric oxide 


Fe=0 


\) 

/> 


>Fe. 


Dissolving these oxides m adds, we obtain the corresponding 
iron salts; thus ferrous oxide gives with hydrochloric add ferroua 
chloride, 

Fe0+2HCl=H,0+FeCl,; 


ferric oxide gives ferric chloride, 

FeA+6HCl=3H,0+2Fea„ 

while ferrous-ferric oxide yields a mixture of ferrous and ferrio 
chlorides: 

Fe, 04 + 8 HCl= 4 H, 0 + 2 FeG,+FeCl,. 


Iron, therefore, forms two series of salts: first, the ferrous, de- 
rived from ferrous oxide, containing bivalent iron; second, the 
ferric, derived from ferric oxide, containing trivalent iron^ These 
two series of salts show quite different behavior towards reagents; 
therefore, we will treat them separately. 

* Iron trioxide, FeO„ containing hexavalent iron has never been isolated. 
It plays the part of an acid anhydride in ferrates of the general formula 
RjFeOo which are decomposable by water. 
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A. Ferrous Compounds. 

Ferrous compounds, which may be prepared by dissolving in 
acids metallic iron, ferrous oxide, ferrous hydroxide, ferrous carbo* 
nate, ferrous sulphide, etc., are usually greenish in the crystallized 
state, while in the anhydrous condition they are white, yellow, or 
bluish; in concentrated solution they arje green; in dilute solutions 
almost colorless. Ferrous compounds exhibit a strong tendency to 
change over into ferric salts; they are strong reducing agents. 

REACTIONS IN THE WET WAT. 

1. Ammonia produces in neutral solutions an incomplete pre- 
dpitation of white ferrous hydroxide: 


FeCl2 +2i\H i l<> '0H)2+2NH4C1. 

Ferroirs salts in this respect are similar to those of magnesium 
(cf. page 50). In the presence of ammonium chloride the reaction 
takes place in the direction from Idt to right; ammonia, therefore, 
causes no precipitation with ferrous salts out of contact with the 
air, provided sufficient anunonium chloride is present. On expo- 
sure to the air, however, a turbidity is soon formed, green at first, 
then almost black, and finally becoming brown. The small amount 
of ferrous hydroxide contained in the solution is oxidized by the 
mr, forming at first black ferrous-ferric hydroxide and finally brown 
ferric lydroxide. 

2. Potasdum and Sodium Hydroxides produce, if air is ex> 
eluded, complete precipitation of white ferrous hydroxide, 

FeS04+2K0H=Fe(0H),-l- 

which is quickly oxidized by the air into ferric hydroxide. 

3. hydrogen Sulphide produces no precipitation in add solu- 
tions of ferrous salts; in dilute neutral solutions a small amount of 
black ferrous sulphide is precipitated; but if the solution contains 
etmsiderabk alkali acetate, hydrogen sulphide precipitates more of 
the iron as ferrous sulphide (but not all of it), in spite of the fact 
that ferrous sulphide is readily soluble in acetic odd. This inter* 
siting fact is an instructive illustration of the law of chemical mass 
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The solution of ferrous sulphide in acetic acid may be explained 
as follows: No substance is absolutely insoluble in water; but the 
amount dissolved cannot always be detected by chemical means, 
though it can be by physical methods. This small amount, in the 
case of such an insoluble b>)dy as ferrous sulphide, is practically 
completely dissociated into its ions. If we allow acetic acid to act 
upon ferrous sulphide, the positive charges of the hydrogen ions 
from the acetic acid will be neutralized by the negative charges of 
the sulphur ions from the ferrous sulphide, with the formation of 
undissociated hydrogen sulphide which escapes as a gas from the 
solution; 

Fe+~S" + H+ C,H,0,+ H+ C,H,0,=Fe+ C,H,0,+ C,H,0,+ H,S. 

-M—r - ^ -|^ > — ^ 1^ ^ -- - -|^ ■■ I II - - — 

Ferrous sulphide Aoeiio acid Ferrous acetate 

The equilibrium is disturbed by the escape of the gas; to restore it, 
more ferrous sulphide must go into solution, so that the above reac- 
tion is repeated until finally all of the ferrous sulphide has become 
dissolved. The eolviion is effected by means of free hydrogen ions. 
If, now, the concentration of the acetic ions is increased, the extent 
of the dissociation of the acetic acid will be lessened, in consequence 
of the law of chemical mass action. This means that there will 
be fewer hydrogen ions in the solution, so that the ferrous sulphide 
will be less soluble. The concentration of the acetate ions is in- 
creased by the addition of largely-dissociated alkali acetate. 

4. Ammonium Sulphide precipitates iron completely as black 
ferrous sulphide: 

FeGla-h (NH4)^=2NH4C1+ FeS, 

which is readily soluble in acids with evolution of hydrogen sul- 
phide. In moist air it turns slightly brown, a part of the sulphur 
separates out, and a basic ferrous sulphide is formed. 

5. Alkali Carbonates precipitate the white carbonate; 

FeCla+ NajCOg * 2NaCl+ FeCO, , 

which in contact with the air becomes green, then brown: 

, ’ 4Fe( 0 *+'6H20+02=4C02“l“4Fe^0H)3, 
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being converted into ferric hydroxide. with loss of carbonic anhy- 
dride. 

Ferrous carbonate is soluble in carbonic acid, iorming ferrous 
bicarbonate: 

FeCO,+H,CO,=FeH,(CO,)„ 

a compound which is found in many natural waters, but which, like 
the normal carbonate, is decomposed by atmospheric oxygen with 
separation of ferric hydroxide: 


4FeH2(C03)2+2H.0 . 02=8C02+4Fc(0H)3. 

\ 

Consequently a mineral water which contains ferrous bicarbonate, 
if allowed to stand in contact with the air, will become turbid owing 
to the deposition of ferric hydroxide. To prevent this, the bottle 
must be filled with water and tightly corked so that no trace of air 
can get in. The ferric hydroxide is insoluble in carbonic acid. 

At this point we will say a few words with regard to the rusting 
of iron. Bright iron rusts if it comes in contact with moist air, as is 
well known. The process of rusting is a cyclical one, and three 
factors play an important part: 

1. An add; 

2. Water; 

3. Oxygen. 

The process of rusting is always starteil by an acid (even the 
weak carbonic acid suffices); the acid changes the metal into a 
ferrous salt with evolution of hydrogen: 

2Fe+ 2H,CO, = 2FeCO,+ 2H,. 

Water and oxygen now act upon the ferrous salt, causing the iron 
in this salt to separate out as ferric hydroxide, aOUng free the aame 
emount of add vMch woe need in farming the ferrous salt: 

2FeCO,+ 6H,0+ 0-2Fe(0H),+2H,C0,. 


The add which is set free again acts upon the metal, fonuing 

f fej^us salt, which is again decomposed, forming more rust. A 
small amount of acid, therefore, suffices to rust a large amoimt 
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of iron. If the acid is lacking, the iron will not rast. If we desire 
to prevent this rusting, we must neutralize the acid, e.g., add milk 
of lime. Iron remains bright imdcr an alkali. 

That carbonic acid acts upon bright iron can be demonstrated 
by exposing the metal to water containing carbonic acid but free 
from mr. After several hours a measurable amount of hydrogen 
gas will be given off, and the solution will contain an equivalent 
amoimt of ferrous bicarbonate. 

6. Potassium Cyanide precipitates yellowish-brown ferrous cy- 
anide; 

FeCl,+ 2KCN = 2Ka-t- Fe(CN)„ 

which is soluble in excess of the reagent, forming potassium ferro- 
(^anide; 

Fe(CN),-t- 4KCN-K JFe(CN) J. 

The potassium ferrocyanide (formed in the last reaction) is not 
a ferrous salt, but a potassium salt. It g^ves none of the above re- 
actions for ferrous salts; so that the aqueous solution cannot con- 
tain ferrous ions, but K and Fe(CN)f ions. This property of the 
metallic cyanide forming with cyanides of the alkalies a complex 
salt, is a very common one. The cyanides of silver, nickel, iron 
(ferrous and ferric), and cobalt all dissolve in potassimn cyanide, 
forming the following complex sidts: 

[Ag(CN)JK; [Ni(GN)JK,; [Fe"(CN)dK 4 ; [Fe"'(GN).]K,; 

[Co'"(CN)JK,. 

These compounds must be regarded as salts of the correspond- 
ing acids: 

|Ag(C!N)JH; [NTO^JH,; [Fe"(CN)JH,; [Fe'''(eN)JH,; 

[Go'"(GN)JH„ 

And it is posmble, as a matter of fact, to isolate the last three adds, 
‘though the two former have never been prepared, as they imme- 
diatdy break down into metallic cyanide and hydrocyanic add. 
Just as carbonic acid is decomposed into water and carbon dioxide. 

With iron, therefore, there are two series of complex cyanogen 
compounds, the ferrocyanides and the ferrlcyanides. Tte ferro- 
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<^anic derivatives contain the quadrivalent fercocyanide group 

/ 

[Fe''(CN)J , and the ferricyanides contain the trivalent ferri- 

\ 

cyanide group [Fe'"(CN)ftE. 

By saturating the free valencies with hydrogen, we obtain the 
corresponding acids: 

/H 

[Fe"(CN),E:S and [Fe^'CCNlJ-H. 

\h \h 

Hydroferrocyanio acid Hydroferricyanio acid 

By substituting metals for the hydrogen atoms we obtain the 
corresponding salts: 

/K 

[Fe"(CN),n:K [Fe"'(CN)J-K. 

\k ■ 


(yellow prusHiate oi 


syanme 
if potash) 


(red pnissiate of potash) 


As has been mentioned, potassium ferrocyanide yields in aqueous 
solution the ferrocyanide ion [Fe"(CN),] and potassium ions, 
while potassium ferricyanido 3rields ferricyanide [Fe"'(CN),] and 
potassium ions. The solubility of their alkali and alkaline-earth 
salts, and the insolubility and color of the salts of the heavy metals 
■(especially with both ferric and ferrous iron), are very characteristic 
of ferro- and ferricyanides. 

7 . Potassium Ferrocyanide, K4Fe(CN)„ produces in solutions 
of ferrous salts, with complete exclusion of air, a white precipitate of 
ferrous potassium ferrocyanide or ferrous ferrocyanide, according as 
to whether one or two molecules of ferrous salt react with one mole- 
cule of potassium ferrocyanide: 

* /| /Fe 

[Fe(CN)JZK + S 04 Fe-K,S 04 -l-[Fe(CN)J-K 

\k \K . 

or 

/k SO^Fe 

- 2 K,S 04 +[Fe(CN).^® 

S 04 Fe 
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Although both of the above salts are white, a UghMue color is 
almost always obtained, because it is inunediately oxidized some* 
what by the air, forming the ferric salt of hydroferrocyanic add 
(Prussiaa blue) : 

3[Fe(CN)JFe,+3H,0+30=[Fe(CN)J,Fe/"+2Fe(0H), 

Prussian blue 

or 

6[Fe(CN)^^+3H,0+30= 

-[Fe(CN)J,Fe/"+3[Fe(CN)JK,+2Fe(OH),. 

8. Potassium Ferricyanide added to solutions < f fern)us salts 
yields blue compounds of different comp ::sition according to the 
relative amounts of the reacting substances and the temperature 
of the solution. When the reagent is in excess, soluble Turnbuirs 
blue is formed from neutral solution which is identical with soluble 
Prussian blue * and has the formula 

[Fe"(CN)flKH 2 ]~Fe'"(OH) 2 . 

When an excess of ferrous salt is treated with potassium ferri- 
cyanide, insoluble TurnbulPs blue is formed. The latter, in spite 
of contradiction in the literature, appears to be identical with 
insoluble Prussian blue and is the ferric salt of ferrocyanic acid and 
has the formula 

Fe4[Fe(CN)6]3+10H2O. 

The latter compound is always obtained at 15^ C. when an excess 
of. acid is not present. From hot, acid solutions complicated mix- 
tures of different blue compounds are obtained. In forming the 
blu3 compounds the ferrous salt is usually oxidized by the potas- 
sium ferricyanide. 


* Hofmann, Heine, and HOchtlen, Annalen, (1904), p. 1. 
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9. Potassium Sulphocyanate gives no ^reaction urith ferrous 
salts (note difference from ferric salts). 

As has been stated, ferrous salts are oxidized by the air to ferric 
salts; thus ferrous sulphate is gradually changed into bro\m, basic 
ferric sulphate, 


FeS 04 

FeSO* 


+ 0 = 


F<^04 

Fe^So/ 


which is insoluble in water. Consequently it often happens that 
ferrous sulphate will not dissolve in water to a clear solution, but 
gives a brown turbid solution, becoming clear on the addition of 
acid ; the baric ferric salt being changed to a soluble neutral salt : 


Fe ^04 

>0 +H,S04-H,0+Fe,(S04),. 

Fe^P4 

Such a solution, which then contains ferric sulphate, reacts 
with potassium sulphocyanate (cf. page 99). In order to free the 
solution from ferric salt, it may be boiled with metallic iron, with 
exclurion of air, whereby the ferric salt is changed into ferrous salt: 

Fe,(S04),+Fe=3FeS04. 

By means of strong oridizing agents, ferrous salts can be quickly 
and completely changed into ferric salts, as was shown in the intro- 
duction (cf. page 4). 

Detection of Femme Oxide in ^ Presence of 'Metallic Iron. 

The mixture is treated with a large excess of a neutral solution 
of mercuric chloride and warmed on the water-bath, whereby the . 
metallic iron gpes into solution as ferrous chloride: 


2HgCl, + Fe ■= FeCl, + HfeCl,. 


The reridue is filtered off and the filtrate tested with potassium 
ferricyanide, a precipitate of Turnbull's blue riiowing that metal- 
lic iron was ori^nally present. 

The reridue is now washed with cold water, until all of the 
ferrous (boride has been dissolved out, and is th«i treated with 
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dilute hydrochloric acid.* If the solution now gives a precipitate 
of Tumbuirs blue with potassium fcmcyanide^ ferrous oxide was 
present. 

B. Ferric Compounds. 

Ferric oxide, FcaOj, is reddish brown, becomes grayish blaok 
on strong ignition, but on being pulverized appears red again. 

The ferric salts are usually yellow or brown, but the ferric am- 
monium alum is pale violet. Ferric salts are yellowish brown in 
aqueous solution, and the solution mads acid (hydrolysis). Dilu- 
tion and warming favor the hydrolysis, so that all strongly-diluted 
ferric salts deposit basic salts on being boiled : ' 

FeJS04l+H,0<zi Fe, (804)30+112804. 

With ferric salts of the weaker acids, often all of the iron is 
precipitated as a basic salt; thus the acetate, on being boiled in a 
dilute solution, reacts as follows: 

Fe(C3H303)s+2H30«Fe(0H)3(C3H,03)+2HC3H303. 

By the addition of acid all basic salts may be changed back 
into neutral salts. 

REACTIONS OF FERRIC SALTS IN THE WET WAT, 

1. Ammonia precipitates brown, gelatinous ferric hydroxide: 

FeCl3+3NH40H.-3NH4Cl+Fe(0H)3. 

Ferric hydroxide is readily soluble in acids. On ignition it 
loses water and is changed to oxide, which is very difficultly soluble 
in dilute acids. It is best brought into solution by long-continued 
heating with concentrated hydrochloric acid, at a moderately 
warm temperature. 

2 . Potassium and Sodium Hydroxide also precipitate ferric 
' hydroxide. 

* If hydrogen is given off, some metallic iron is still present, so that the 
ti^tment with HgGl3 must be repeated. 
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3. Sodium Carbonate produces a brown precipitate of bade 
carbonate, which at the boiling temperature is completely decom- 
posed hydrolytically into hydroxide and carbon dioxide: 

2FeCl,+ 3Na,CO,+ 3H,0 - 2Fe(OH),+ eNaQ + 300,. 

4. Zinc Oxide and Mercuric Oxide also precipitate the iron as 
hydroxide: 

2FeCl, + 3ZnO + 3H,0 => 3ZnCl, + 2Fe(0H),. 

This reaction is frequently used in quantitative analyds. 

5. Sodium Phosphate precipitates yellowish-white ferric phos- 
phate: 

FeC!l,+2Na,HP04=3Naa-l-NaH,P04-|-FeP04. 

Ferric phosphate is insoluble in acetic acid, but readily soluble 
in mineral acids. The precipitation of iron with sodium hydrogen 
phosphate is consequently only complete when a large excess of the 
precipitant is employed, or when sodium acetate is added: 

FeCl,-|-Na,HP04+NaC,H,0,=3Naa+HC,H,0,+FeP04. 

In this last case all the iron and all the phosphoric acid are 
precipitated. The reaction is often made use of in order to quanti- 
tatively precipitate phosphoric acid. An excess of the disodium 
phosphate will also cause complete precipitation of iron as phos- 
phate, if the phosphate solution is previously exactly neutralised 
with ammonia: 

Na,HP 04 +NH 40 H=H, 0 -l-Na,NH 4 P 04 

and 

. Na,NH 4 P 04 -l-FeCl,= 2 Naa+NH 4 a+FeP 04 . 

^If , however, an excess of ammonia is added to the iron solution 
with the sodium phosphate, the precipitation of iron is incomplete, 
because the ferric phosphate dissolves in the excess of sodiuih phos- 
phate, in the presence of ammonia (or ammonium carbonate), with 
a brown color and formation of a complex salt. 

Ferric phosphate is transformed by ammonia into a brown basic 
phosphate, and by potassium hydrate almost completely intO' 
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ferric hydroxide and potaerium phosphate; while by /iMton with 
caustic Slkali or alkali carbonate it is completely decomposed. 

6. Alkali Acetates produce in cold, neutral solutions a dark> 
brown coloration, and on boiling the dilute solution all of the iron 
separates as basic acetate : 

FeCl,+3NaC,H,0,=3NaCl+Fe(C,Hj0,)j (in the cold), 
Fe(C,HA).+2H,0=2HC,H,0,+Fe(0H),(yi,0, (on boiling). 

The presence of organic oxy-acids (tartaric, malic, citric, etc.) 
and of polyatomic alcohols (glycerine, erythrite, mannitc, sugars, 
etc.) prevent all of the above-mentioned reactions, because com- 
plex'salts are formed in which the iron is present in the form of a 
complex anion (cf. aluminium, page 72). 

7. Potassium Sulphocyanate, ECNS, produces in solutions of 
ferric salts a blood-red coloration: 

Fea,-l-3KCNS?=sFe(CNS),+3Ka 

This action is reversible; the red color being most intense when 
an excess of ferric salt,' or of potasrium sulphocyanate is present. 

If the solution is shaken with ether, the Fe(CNS), goes into the 
ether. Ferric sulphocyanate combines readily with potassium 
sulphocyanate, forming complex potassium iron sulphocyanate: 

Fe(CNS),+3KCNS=[Fe(CNS)JK„* 
analogous to potasrium ferricyanide: 

[Fe(CN),]K,. 

This complex salt is insoluble in ether, the Fe(CNS), only being 
soluble therein; so that the red color is due to the formation of the 
ferric sulphocyanate and not to the complex salt. 

This reaction is extremely sensitive, but cannot always be relied 
on. ’ If the solution contains considerable alkali acetate, the colora- 
tion cannot be recognized. The presence of oiganic oxy-compounds 
(tartaric acid, etc.) prevents the reaction in neutral solutions, but 

* Fe(CNS)^i + 4H|0. Cf. Roaenbeim, Zeit. f&r anorg. Ok. 1901, Bd. 
XXVII, p. 208. 
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not in acid solutions. In the presence of mercuric chloride the red 
color disappears entirely; the mercuric* chloride reacts with the 
ferric sulphocyanate, forming a colorless, soluble mercuric double 
salt: 

2Fe(CNS).+6HgCa,=2FeCl,+3[Hg(CNS),*HgCl,]. 

8. Potassium Ferrocyanide, K^FeCCN),, produces in neutral 
or acid solutions of ferric salts an intense blue predpitarion of 
Prussian blue: 

/K Qv 

. tFe"(CN),^ 

'^K Cl\ rPe^VCN^ 

yK a^Fe I*® >F 

[Fe'W)£j['''S -12KGl+[Fe"(CN)X ® 

a/*'' [Fe"(ON).^ 

a/ 

Prussian blue, the ferric salt of hydroferrocyanic acid, is in* 
soluble in water, but soluble in oxalic acid with a blue color (blue 
ink). It is also soluble in concentrated hydrochloric acid, but is 
precipitated again on dilution. As the ferric salt of hydroferro- 
C 3 ranic acid it behaves like other ferric salts to the hydroxides 
of the alkalies; ferric hydroxide and the alkali salt of hydroferro- 
oyanic acid being formed: 

[Fe(CN)etFe4"+12KOH-4Fe(OH),+3[Fe(CN)JK4, 
similar to 

(S04),Fea+6K0H=2Fe(0H)s+3[S04]Ka. 

• 

Besides the irmlvble Prussian blue, there exists a BobMe 
Prussian blue, which is obtained by adding the ferric salt to an^ 
excess of potassium ferrocyanide. 

The same compound is formed by adding a solution of ferrous 
salt to more than an equivalent amount of potassium ferricyamde. 
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According to Hofmann, Heine, and Hochteln, this soluble blue has 
the formula * 

[Fe(CN)o]KH2.Fe(OH)2. 

This substance, although soluble in water with a blue color, is 
ihsoluble in salt solutions. If, therefore, we desire to separate it 
from the solution, we “salt it out,” i.e., we add considerable salt to 
the solution (preferably potas.sium chloride), whereby it is changed 
to the insoluble form, and may be filtered from the solution. 

9. Potassium Fenicyanide, K,Fe(GN)„ produces no precipita- 
tion in solutions of ferric salts, only a brown coloration (differing 
from ferrous salts) : 

[Fe'”(CN)JK,+FeCl^Fc'"(CN)JFe'"+3Ka. 

10. Ammonium Sulphide added to an acid solution gives a pre- 
cipitate of ferrous sulphide, FeS, but if the solution becomes am- 
moniacal ferric sulphide, FcaSs, is precipitated .f In the ordinary 
course of analysis the precipitate produced by ammonia and am- 
monium sulphide consists of ferric sulphide, 

• 2FeCl3+3(NH4)2.S=Fe2S3+6NH4CI, 
which is soluble in cold, dilute hydrochloric acid, forming ferrous 
chloride and sulphur, 

. Fe»S3+4HCl=2FeCl2+2H2S+S. 

11. Hydrogen Sulphide reduces ferric salts to ferrous salts, 
with separation of sulphur: 

2FeCl,+H,S=2Fea,+2HC!l+S. 

Berides hydrogen sulphide, many other substances (nascent 
hydrogen, stannous chloride, sulphurous acid, hydriodic acid, etc.) 
will reduce ferric salts, as was shown on page 7. 

12. Sodium Thiosulphate, NajS,0„ colors neutral ferric rolu- 
tions a violet red, but the color disappears quickly and the solution 
then contains ferrous salt and sodium tdrathwnoie : 

2NaA03+2Fe C!l,-»2NaCl+2FeCl2+Na,S40» • 

* Ahnalen, 337 (1004), p. 1. 
t Louis Ciedel, Ueber Schwefeleisen, Karlsruhe, 1005. 
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The composition of the violet-red body which is first formed 
is unknown; perhaps it is ferric thiosulphate. 

As we have seen, there exist a number of iron compoimds 
which contain the metal as a complex ion, so that it cannot be de- 
tected by the ordinary reagents. The complex oxy-organic com- 
pounds, as well as the ferro-and ferricyanide compounds, belong to 
this class of compounds. 

If it is a question of proving the presence of iron in such a com- 
pound, a different method should be used in the case of an organic 
oxy-compoimd from that in the case of a ferro- or ferricyanide. 

If organic substances are present, the iron is precipitated as 
sulphide by means of ammonium sulphide; or the organic matter is 
first removed by ignition, whereby metallic iron and carbon are 
obtained. 

In case we have a ferro- or ferricyanide, the iron cannot even 
be precipitated by means of ammonium sulphide; the compound 
must be completely destroyed before it will be possible to detect 
the presence of iron by any of the ordinary methods. 

This may be accomplished (a) by ignition, (6) by fumon with 
potash or soda, or (c) by heating strongly with concentrated 
sulphuric acid. 

(o) Decompomtim by Ignition , — ^The ferrocyanides are decom- 
posed (with evolution of nitrogen) into potassium cyanide and 
carbide of iron: 

[Fe(CN)JK4-.4KCN+FeC,+N,. . 

The ferricyanides also leave behind iron carbide imd potassium 
cyanide, but evolve cyanogen as well as nitrogen : 

2(Fe(CN)6]K8»6KCN+2FeC!2+(CN)2+2N8. 

The residue from the ignition is treated first with water, whereby 
the potastium cyanide goes into solution, leaving behind the iron 
carbide; this is filtered off and treated with hydrochloric acid. 
The iron goes into solution as ferrous chloride, hydrocarbons are 
given off, and there remains some carbon. 

The above decompotition can be imagined to take place as 
follows: 

By heating potasnum ferrocyanide, it is decomposed first into 



potaasium cyanide and ferrous cyanide, while the latter on farther 
heating is changed to iron carbide and nitrogen: 

(a) [Fe(CN)JK,=4KCN+Fe(CN),; 

iff) Fe(CN),=FeC,+N,. 

Potassium ferricyanide is decomposed into potassium cyanide 
and the very unstable ferric cyanide, which splits off cyanogen and 
becomes ferrous cyanide; the latter is decomposed, as before, into 
iron carbide and nitrogen: 

(o) [Fe(CN)JK,=3KCN+Fe(CN),; 

(/J) Fe(CN),=Fe(CN),+CN; 

(y) Fe(CN),=FeC,+ N,. 

(h) Decomposition by Means of Fusion with Pota ^. — ^The sub- 
stance is mixed with an equal amount of potash and heated in a 
porcelain crucible until the fusion is quiet. By this means a mix- 
ture of potassium cyanide and potassium cyanatc (both soluble in 
water) is obtfdned in the presence of metallic iron: 

[Fe(CN) JK«+ K,CO,= 5KCN+ KCNO+ CO,+ Fe. 

The melt is therefore first treated with water, and the iron 
remaining behind is dissolved in hydrochloric acid. 

(c) Decomposition by Heating with Concentrated Sulphuric Acid. 
— ^By heating with concentrated sulphuric acid all complex cyano- 
gen compounds may be' decomposed. By this means the metal 
present is changed into sulphate, the nitrogen of the cyanogen into 
ammonium sulphate, while the carbon of the cyanogen escap>es as 
carbon monoxide: 

[Fe(CN) JK 4 + 6 H^O,-l- 6H,0 = 

- 2 K^ 04 -|- FeSO.-l- 3 (NH 4 )jS 04 + 6 GO, 

•2[Fe(CN)JK,+ 12 H,S 04 + 12H,0= 

=3K,S04+ Fci(S04),+6(NH4),S04+ 1200. 

The treatment with concentrated sulphuric add & best accom- 
ptialiPfi in a porceldn crucible placed in an inclined position over 
the flame, and the flame directed against the upper part of the cru- 
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ciblc. The heating is continued imtil fumes of sulphuric acid cease 
to come off. The residue, which consists of an alkali sulphate, and 
ferrous or ferric sulphate (both being in an anhydrous condition), 
is treated with a little concentrated sulphuric acid, warmed some* 
what, and water added little by little. In this way the sulphate is 
readily brought into solution; while with water alone solution 
takes place only with difficulty. 

BBACnONS IN THE DBT WAT. 

The borax (or sodiuni metaphosphate) bead, containing a small 
amount of an iron salt, is yellow while hot and colorless when cold 
in the oxidizing flame, and faint green in the reducing flame. 
When strongly saturated, however, the bead in the oxidizing flame 
is brown while hot, yellow when cold; and in the reducing flame 
it becomes bottle-green. 

Heated on charcoal with soda before the blowpipe, all iron 
compounds leave a gray particle of nietallic iron, which is usually 
difficult to see, but can be separated from the charcoal by means 
of the magnet. The reduction on the charcoal stick, as described 
on page 24, is a much more delicate test. 

URANIUM, Ur. At. Wt. 239.6. 

0<5c«rrcnce.— Uranium occurs in nature chiefly in the mineral 
pitch-blende, U,©,; but it is also found in a few rare miner als, 
uranite, (UO,),CuP,Og + 8H,0; samarskite. (a niobito of iron, 
yttrium, cerium, and erbium with varying amounts of uranium); 
and liebigite, U(CO,), • 2CaC0,+ 10H,0. 

Klaproth showed, in 1789, that the mineral pitch-blende con- 
tained a new metal, which he called uranium. By heating the 
oxide with reducing agents he obtained a brown, almost copper- 
red, substance, which he took to be the metal, and it indeed does 
behave like a metal, dissolving in acids in contact with the air, 
forming yellowish-green salts. 

It was not until 1842 that it was shown by Peligot that this 
reddish-brown body was not the metal uranium, but its dioxide. 
The hexavalent metal itself was obtained by Peligot, by reducing 
the tetrachloride with sodium, as a gray powder of specific gravity 
18.33 and melting at 1500** G. 
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Out of contact with the air, uranium dioxide (uianyl) dissolves 
in strong acids, forming uranous salts. 

UO,+4Ha=2Hp+UCl4, 

U0,+ 2H,S0«=2H,0+U(S04),. 

The uranous salts are extremely unstable, and on bdng ex- 
posed to the idr change rapidly, forming uranyl salts: 

/Cl 

UCa^+O+HjO-UO, + 2 HC 1 , 

\C1 

U(S04),+ 0+ H,0= U0,S04+ H,S04. 

We will consider the reactions of the uranyl salts only. The 
uranous compounds arc important for the quantitative determi- 
nation of uranium itself, and will therefore be considered later. 

Besides uranyl (or uranium dioxide) uranium forms a trioxidc, 
UO,, which can be regarded as uranyl oxide, UOjO. It dissolves 
in adds, forming uranyl salts: 

/Cl 

. U0,0+2Ha =U0, +H,0, 

\C1 

U0,0+H,S04=U0^04+H,0. 

By igniting the oxides of imanium in contact with air, dark- 
green urano-uranic oxide, U,Og or (2U0,*U0j), is obtained, which 
out of contact with the air dissolves in. strong adds, forming 
uranous and uranic salts: 

(2U0, • U0,)+ 4H,S04 = 2U0,S04+ U(S04),+ 4H,0. 

By dissolving in aqua regia, uranyl chloride is obtained: 

3U,0,+ 18Ha-f 2HN0, = 9U0 A+ 2N0+ 10H,O. . 

All uranyl compounds are colored yellow or yellowish green. 
Most of them are soluble in water, but the oxides, the sulphide, 
phosphate, and uranates are insoluble. In mineral acids all 
uranium compounds are soluble, with the exception of the ferro- 
eyanide. 
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BEACnONS or URANYL COMPOUNDS IN THE WET WAT. 

1 . Potassium Hydroxide precipitates yellow amorphous po> 
tassium uranate. The reaction takes place in three stages: 

(a) At first uranyl hydroxide is formed, 


/Cl 

uo, + 
\a 


KOH 

KOH 


2 Kei+ 



which immediately splits off water and becomes uranic add, 


< 6 ) 


/OH 

UO, 

\OH 

/OH 

UO, 

\OH 


. UO,— OH 

=H,o+ , 

ua-OH 


which combines with more potassium hydroxide and forms potas* 
dum uranate: 

(c) UO,-OH HOK . UO,-OK 
Vo + =2H,0+ No . 

UO^-OH HOK UO^-OK 

2. Ammonia predpitates yellow, amorphous ammonium ursr 
nate: 


/NO. 

2UO, 

\NO, 


+6NH.0H=4NH,N0,+ 3H,0+ 


UO,— ONH 4 
>0 . 
UO,— ONH. 


The alkali uranates are soluble in alkali carbonates, particu- 
larly in ammonium carbonate, with the formation of complex 
salts: 

UO,-ONH. 

>0 +6(NH4),C0,+3H,0= 

UO,— ONH 4 

-2[U0,(00,)J(NH.).-|-6NH40H. 

Consequently, in the presence of suffident alkali carbonate, am- 
monia fails to predpitate uranium. Tartaric and dtric adds (and 
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other organic substances) also prevent the precipitation with am- 
' monia and caustic alkalies, as with iron, chromium, and aluminium. 

3. Sodium Carbonate produces in concentrated solutions an 
orange-yellow precipitate of uranyl sodium carbonate: 

UO,(NO,),+3Na,CO,=2NaNO,+ UO,(CO,),Na 4 . 

Uranyl sodium carbonate is soluble in considerable water, so 
that no precipitate is formed from dilute solutions. It is still more 
soluble in alkali carbonate solution, particularly in a bicarbonate 
solution. From such solutions sodium hydroxide precipitates the 
uranate, but ammonia does not. 

4. Barium Carbonate precipitates in the cold all of the uraniumi 
probably as uranyl barium carbonate: 

UO,(NO,),+3BaCO,=Ba(NO,),+[UO,(CO,)JBa,. 

5. Ammonium Sulphide precipitates brown uranyl sulphide, 

U0,(N0,),+(NH4),S«2NH4N0,+U0A 

soluble in dilute acids and in ammonium carbonate: 


U0,S+3(NH,),C0,=(NH,),S+[U0,(C0,)J(NH4).. 


Ammonium sidphide, therefore, produces no precipitate in sduf 
turns of uranyl salts in the presence of ammonium carbonate. 

6. Sodium Phosphate precipitates yellowish-white uranyl 
phosphate^ 

/Na NO,v 

PO^eNa-f- >UO,=2NaNO,+PO 

\h no,/ 



‘while, in the presence of ammonium acetate, uranyl ammonium 
phosphate is precipitated: 


/Na MQ v CH, 


.2NaNO,+^^* 

COOH 
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Both precipitates are insoluble in acetic acid, but soluble in min* 
end acids. 

7. Potassium Ferrocyanide produces a broum precipitate, ot, 
m very dUute solutions, a brownish-red coloration. 


|Fc(CN)^|+5}gj^>UO,=[Fe(CN)J^K^ +2KNO, 


or by the action of two molecules of u/anyl salt: 

rFe(CN)/K+N^>°-- 

S8i>w. 

On addition of potassium hydroxide the brownish-red predpi- 
tate becomes yellow, owing to the formation of potassium uranate: 

[Fe(CN)J(U0,),+6K0H=[Fe(CN)JK«+3H,0+K,UA. 


4KNO,+[Fe(CN)J^g;. 


(Distinction from cupric ferrocyanide.) 


REACTIONS IN THE DBT WAT. 

The borax (or sodium metaphosphatc) bead is yellow in the 
oxidizing flame and green in the reducing flame. 


.TlT^XlM,Ti. At. Wt. 48.15. 


Occurrence. — ^Titanium occurs in nature most frequently as the 
dioxide, rutile, tetragonal; anatase, tetragonal; and brookite, 
orthorhombic. Titanium is also found in the minerals perowskit, 
TiOjCa, titanite, CaSiTiO*, and menaccanite, FeTiO,, as well as in 
many crystalline rocks. 

lltanium itself is a gray metal, very similar to iron. On being 
heated in the air it bums brightly to white titanium oxide. The 
following oxides of titanium are known: 



Ti,0„ Ti,0„ TiO„ TiOr 
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The oxides Ti^Oj and Ti 203 form violet-colored salts, which ard 
readily changed by oxidizing agents into derivatives of TiOj. The 
most important oxide is the titanium dioxide, which sometimes 
acts as a base and sometimes as an acid. The titanium dioxide as 
it occurs in nature (rutile, etc.) is insoluble in all acids. In order to 
bring it into solution it is l^^st to fuse it with potassium pyrosul- 
phate, whereby it is changed into titanium sulphate: 

Ti03+2K3SA=Ti(S04)3+2igS04. 

The melt is dissolved in cold water. 


REACTIONS IN THE WET WAT. 

For these reactions a solution of titanium sulphate or of tita- 
nium hydroxide in hydrochloric acid may be used. 

1. Potassium Hydroxide precipitates, in the cold, gelatinous 
crthotitanic acid, 

yon 

Ti(S04),+4K0H=2K^«+Tii;gg, 

\0H 

which is almost insoluble in an excess of the reagent, but readily 
soluble in mineral acids. 

If the precipitation by potasaiun hydroxide takes place from a 
hot solution the titanium is precipitated as meUUitmic acid, 

Ti(S04),+4K0H-2K^0.+H,0+Ti^0H, 

\0H 

wfaidi is difficultly soluble in dilute adds. By long digestion with 
concentrated hydrochloric or sulphuric acid it goes gradually into 
solution. By the ignition of both these titanic acids the anhydride 
TiO, is obtained, which is only slightly soluble in concentrated 
hydrochloric acid, but readily soluble in hot concentrated sul- 
phuric acid. 

2. Ammonia, Ammonium Sulphide, and Barium Carbonate 
(like potassium hydroxide) precipitate, in the cold, orthotitanic add, 
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readily soluble in acids; and from hot solutions the difficultly 
soluble metatitanic add: 

TiCa4+4NH40H=4NH4a+Ti(0H)4, 

TiCl4+2(NH4),S+4H,0=4NH4Cl+2H,S+Ti(0H)4, 

'nCl4+2BaC0,+2H,0=2BaCl,+2C0,+Ti(0H)4. 

3. Alkali Acetates predpitate on boiling all of the titanium as 
metatitanic add: 

Tia4+4NaG,HA+3H,0=4Naa+4H(yi,0,+Ti^H. 

\0H 

Titanium acetate is first formed, but it is completely decomposed 
hydrolytically by boiling the dilute solution. 

4. Water. — ^Not only titanium acetate is hydrolytically decom- 
posed by water, but all titanium salts. Use is made of this prop- 
erty in the separation of titanium from aluminium, iron, chro- 
mium, etc.; the oxides of these metals arc fused with potassium 
pyrosulphate, the product of the fudon is dissolved in cold water,* 
and the solution is then heated to boiling. The titanium is com- 
pletely precipitated as granular metatitanic acid, which can be 
readily filtered off, while the remaining metals remain in solution 
as sulphates: 

Ti(S04),+3H,0 ?=± 2 H^ 04 +Ti^H. 

\0H 

As this reaction, like all hydrolytic decompodtions, is reverdble, 
it is evident that, in order to make the predpitation of the meta- 
titanic add complete, the anwurU of free add present should be made 
08 small as posdbU, considerable wdter should be used, and the solution 
kept hot while filtering. 

In order to predpitate titanic acid from a solution according to 
this method, the concentrated solution is treated with sodium car- 
bonate in the cold until a dight permanent precipitate of 11 ( 011)4 
is obtained, sulphuric add is added drop by drop until the precipi- 


* Solution takes place much more quickly if the liquid is kept in con- 
stant motion by conducting a current of air through it. 
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tate is just dissolved, considerable water is added (300-400 c.c. of 
water should be used for each 0.1 gm. TiO,) and the solution kept 
at the boiling temperature for one hour. The granular mctatitanic 
acid thus obtained is easy to filter as long as free acid is present. 
On being washed with purr water a turbid filtrate is always ob- 
tained; a little dilute sulphuric acid should therefore be added to 
the wash-water. 

With the separation of titanium according to the above-de- 
scribed method, a play of colors will be observed in the bottom of 
the glass beaker or flask which is very characteristic of titanic acid. 

The presence of tartaric acid, citric acid, and many other 
organic compounds prevents the above reactions. In such a case 
the organic substance must be first destroyed either by ignition 
or by oxidation with potassium permanganate (see pages 73 and 
125), the titanium dioxide dissolved in sulphuric acid and pre- 
cipitated according to any of the above methods. 

5. Potassium Ferrocyanide produces in slightly acid solutions 
a brown precipitate. 

6. Tannin produces a brown precipitate, which soon becomes 
orange. 

7. Sodium Thiosulphate precipitates in boiling solutions all of 
the titanium as mctatitanic acid: 


TiGl4+2Na,SA+3H,0* 


=4Naa+2S-h2H,SO,+TifOH. 

\OH 


8. Sodium Phosphate precipitates basic titanium phosphate 


Tia4+3Na,HP04+H,0=4NaGl+2NaH,P04 



soluble in mineral acids, insoluble in acetic acid. 

9. Hydrogen Peroxide. — If hydrogen peroxide is added to a 
slightly acid solution of titanium sulphate, the solution is colored 
orange red, except in the presence of small amounts of titanium, 
when the color is a clear yellow. This reaction, which depends 
upon the formation of TiO„ is exceedingly delicate, and is especially 
suitable for the detection of titanium in rocks. Vanadic acid be- 
haves similarly with hydrogen peroxide. 
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10. Zinc or Hn produces in acid solutions, preferably 'with hy- 
droohlotic acid, a violet color caused by the formation of TijGI,: 

2TiCl«+H,=2HCl+Ti,Cl,- 

• 

The quadrivalent titanium compounds are not reduced by 
hydrogen sulphide or sulphurous acid. 

11. The Fluoride is quantitatively changed to the dioxide by 
evaporation with sulphuric acid (Difference from silicic acid). 

REACTIONS IN THE DRY WAY. 

Titanium compounds do not color the borax, or sodium meta- 
phosphate, bead in the oxidizing flame; after* continued' heating in 
the reducing flame the bead becomes yellow while hot and violet 
when cold. By the addition of a little tin the violet color appears 
much more quickly. The addition of iron causes a brownish to red 
bead. 

On fusing titanic acid with sodium carbonate, sodium meta- 
titanate is obtained, which is insoluble in water, but readily soluble 
in acids. By treatment with hob water the sodium salt is decom- 
posed, with the formation of metatitanic acid, which is difflcultly 
soluble in dilute acids. 

Manganese, Mn. At. Wt. 55. 

Occurrence . — ^The most important manganese minerals are 
pyrolusite, MnO,, orthorhombic; polianite, also MnOj, tetragonal, 
isomorphous with nitile and tinstone; braunite, MujO,, tetragonal; 

manganitc, Mn^Qjj, orthorhombic, isomorphous with gdthite and 

diaspore; hausmannite, MnjO^, tetragonal; and rhodochrosite, 
MnCOj. 

Manganese is a constant companion of iron, so that we find it in 
varying amounts in almost all iron ores. 

It is a grayish-white metal of sp. gr. about 8.0 and with a 
melting-point of about 1900® C. It is, therefore, more difficultly 
fusible than platinum, is readily oxidized in moist air, and is atp 
tacked by dilute acids, even acetic acid. 

Manganese forms the following oxides: 

MnO, MnA, Mn 304 , MnO,, (MnO^), MnaOy. 
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By treating these oxides in the cold Tvith dilute hydrochloric 
add a dark greenish-brown solution is obtained, except in the case 
of MnO, which dissolves clear; but on warming, a dear solution is 
obtained in all cases, with evolution of chlorine, particularly after 
dilution. The solution then contains a bivalent manganese salt: 

MnO+ 2Ha = H,0+ MnCa,, 

Mn,0,+ 6Ha = 3H,0+ 2MnC4+ Cl„ 

Mn, 04 + 8 Ha = 4HjO+ 3MnCl,+ Cl,, 

MnO, + 4HC1 = 2H,0+ MnCl,+ Cl,, 

Mn,0,+ 14Ha- 7H,0+ 2MnCl,+ 6C1,. 

In the cold the unstable higher chlorides are formed, which on 
warming lose chlorine and become manganous chloride.’" 

All manganese oxides dissolve on warming with concentrated 
sulphuric acid, forming manganous sulphate, accompanied (with the 
exception of MnO) by evolution of oxygen: 


Mn 0 +H,S 04 =H, 0 +MnS 04 , 

2Mn203 +4H2S04=AH20 +4Mn8'Oi 4-02, 
2Mn3044"6H2S04— 6 II 2 O + 6 Mn ^0 it" 02 » 

2Mn02 +2HaS04=2H2 +2MnS04+02. 

The behavior of the higher oxides, MnO„ Mn,0„ and Mn, 04 , 
with boiling dilute nitric or sulphuric acid is very interesting: MnO, 
is not attacked at all by these dilute acids; while Mn,0, gives up 
half of its manganese to the acid, the other half remaining undis- 

/OH 

solved as brown hydrated manganese dioxide, ‘Mn==0 ; two 

\0H 

thirds of Mn ^04 is dissolved by these acids, brown hydrated man- 
ganese dioxide teing left behind, as before. 

/OH 

This Mn=0 separates out just as silicic add is depodted 
\0H 

from a silicate on the addition of a strong acid: 


Si^ 2HN0, =• Ca(NO,),-l- Si^“. 
\CK \0H 


/OH 


i|9€hmann isolated [MnClgKNHJ,. Monatshefte, 1894| p. 492. 
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In fact, hydrated manganese dioxide behaves in most cases 
exactly like an acid, the oxides Mn^Oj and Mn ,04 bohavo like man- 
ganous salts of this acid and are to be regarded as manganites.* 
Mn,0, is, therefore, to be regarded as manganous nianganite, 




of analogous composition to manganous carbonate, 

C=0 yMn, and manganous silicate (Penwittit), Si — 0 yMn+2H,0. 
\0/ \CK 

According to this conception it is easy to understand why Mn,0, 
gives up half of its manganese on treatment with dilute nitric acid, 
with the separation of manganous acid: 

/Ov /OH 

Mn^>Mn+2HNO,=Mn(NO,),+Mn^ , 

\(y \OH 

(^^Mn+2HNO,=Mn(NO,),+G^^(H,O+C0i), 

/O. /OH 

Si^ >Mn+2HNO,=Mn(NO,),+ Si^ . 

\0/ \OH 

MnjOi, which gives up two thirds of its manganese, must be con- 
sidered to be the derivative of orthomanganous acid; 

/OH 


/'oh 

N)h \o/ 


Mn 


On treatment with nitric acid the ortho acid first separates 
out; it loses water, and goes over into metamanganous acid; 

/0\« /Oil 

/ r \ /Mn / QTT 

Mni:^<( +4HNO,-2Mn(NO,),+Mn_5J}, 

\0/^ \)H 

4h 


• MnjOa, however, also plays the part of a basic anhydride, forming a sul- 
phate, Mn2(S04)s, which is decomposed by water into sulphuric acid and 
Mn, 0 ,. Furthermore, potassium-manganese and ammonium-manganese 
alums are known. 
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MnOj stands in the same relation to H^MnO, as CO3 to H3CO31 
as SiOa to HjSiOj, and as SnO, to H^SnO,; MnO,, therefore, behaves 
like an acid anhydride and is isomorphous with tinstone, SnO,, 
crystallizing as polianite in the tetragonal system. 

Like SnO, (which see), manganese dioxide behaves partly as an 
acid anhydride and partly as the anhydride of a base, because it 
probably fonns the chloride MnCl4. For if MnOj is treated with 
cold concentrated hydrochloric acid it dissolves with a brownish- 
green color, forming manganese tetrachloride, soluble in ether with 
a green color. If, therefore, the solution is shaken with ether, the 
upper layer is colored green. 

Not only manganous manganites are known, but quite a num- 
ber of other manganites. Some of these play a very important 
part in analytical chemistry; as, for example, zinc and calcium 
bimanganites: 


/OH 

Mn =0 

Mn =0 

\OH 


/OH 

Mn:=0 




/o, 

Mn 4:0 

\OH 


which are analogous 
to the bicarbonates 


/OH 

C=0 

c=o 

\OH 


Zinc bimanganite is formed in the volumetric determination of 
manganese (see Vol. 2). Calcium bimanganite is of importance 
technically. Thus the recovery of manganese, by the Weldon 
process, in the manufacture of chlorine, depends upon the forma- 
ton of calcium bimanganite. 

Manganous oxide, MnO, is the only oxide of manganese which 
in all cases acts as the anhydride of a base. By dissolving this 
oxide in acids, manganous salts arc always obtained, in which the 
manganese is bivalent. The oxide MnOg has never been isolated, 
but there are salts (R3Mn04, see page 122) known which are derived 
from it. MnjOj is a distinct acid anhydride, from which the per- 
manganates (RMn04) are derived. 

In the study of the reactions of manganese we will consider 
first the manganous compounds, then the manganates and per- 
manganates. 
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A. Manganous Compounds* 

The manganous compounds are colored pink both in the crystal- 
line state and in aqueous solution; but in tlic anhydrous state they 
are colorless with the exception of the sulphide. 

REACTIONS IN THE WET WAY. 

1. Potassium or Sodium Hydroxides precipitate white man- 
ganous hydroxide, 

MnCl2+ 2KOH= 2KC1+ MnCOH)^, 
which rapidly becomes brown in the air, owing to the formation of 
manganous manganites: 

First of all, a part of the manganous hydroxide is oxidized 
by the air to manganous acid: 

which, on coming in contact with the basic manganous hydroxide, 
imme^ately forms salts with it — ^the manganites, 

Mn^^+ 5g^Mn=2H,0+ Mn^^Mn, 


/OH 

Mn^O 

\o\, 


+go^Mn=2H,0+ .o)>Mn. 

Mn^) 

\OH 

This oxidation takes place in the air only giadually, but imme- 
diately in the presence of chlorine, bromine, hypochlorites, hydro- 
gen peroxide, etc.: 

•Mn<^Q||+ 2NaOH+ a,=2Na€l+ H,0+ 

Mn<^Qg-f NaOCl = Naa+ 

Mn</g5 + HA=H,0+Mn^^. 
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The fonnation of manganites is of technical importance, M 
mentioned on page 116. The residue obtained in the preparation 
of chlorine from pyrolusite and hydrochloric acid consists chiefly 
of manganese chloride, and is precipitated by the addition.of lime, 
manganous hydroxide being formed. This mixture of manganous 
hydroxide and lime is exposed to the action of the atmosphere, 
whereby manganous acid is formed, which unites with the calcium 
as the stronger base, forming calcium bimanganite, so that finally 
all of the manganese is oxidized to manganous acid: 

/OH 
Mn=0 

+“^Va- 

\OH 

On treating the residue, when in the right condition, with hydro* 
chloric acid again, the same amount of chlorine is obtiuned as £rom' 
the original pyrolutite : 

2MnO, + 8Ha = 4H,0 + 2MnC4+ 2C1„ 

Mn,0,CaH,+ 10Ha= 611,0+ 2MnCl,+ CaCl,+ 2C1,. 

It is, however, necessary to add a little more hydrochloric acid • 
in the latter case, because a part of the acid is used up in setting 
the manganous acid free from the raangsnite. 

2. Ammonia precipitates (as with magnesium and ferrous salts) 
from neutral solutions free from ammonium salts a part of the 
manganese as the white hydroxide 

MnClz +2NH3 +2H2O ?=i Mn(0H)2 +2NH4CI. 

If sufficient ammonium chloride is present, ammonia causes no 
precipitation. Ilic greater part of the manganese then remains in 
solution as manganous chloride, but a small amount exists as the 
hydroxide. On standing in the air, this dissolved hydi^xide is 
changed into the more difficultly soluble manganous acid which is 
deposited in brown flocks. The condition of equilibrium in the 
solution is thereby disturbed, and in order to restore it more hydrox* 
ide is formed, and the reaction continues in this way until finally 
all of the manganese is precipitated. This fact must be considered, 
in the separation of manganese from ferric iron, alununium, etc. 
II a solution of ferric and manganous chlorides contains sufficient 


^Va+2H,0. 

Mn^ 


/OH 

2Mn^ 

\0H 



MANGANESE. 


119 

ammomum chloride, none of the manganese and all of the iron 
frill be precipitated on the addition of ammonia, but if the solution 
stands in contact with the air little by little the manganese will be 
precipitated. In effecting the separation, therefore, an excess of 
ammonium chloride should be present, the solution boiled to remove 
the air as much as possible from the solution, then a dighi excess 
of ammonia should be added and the solution filtered itnmediatelif. 
The separation even then is not quantitative, but is satisfactory for 
qualitative analysis. 

3. Alkali Carbonates precipitate white manganous carbonate, 

MnCl,+ Na,CO,=2Naa+MnCO„ 

which after long boiling is changed by the oxygen of the air into 
hydrated manganese dioxide: 

/OH 

MnC0,+ H,0+0=C0,+Mn^) . 

\OH 

4. Ammonium Carbonate precipitates even in the presence of 
ammonium salts the white carbonate (difference from magnesium). 

5. Barium Carbonate produces a precipitate only in hot solu- 
tions. 

6. Sodium Phosphate precipitates white tertiary manganous 
' phosphate, 

4Na^PO,+ 3MnGl,=6NaCl+ 2NaH,PO,+ MiijCPOJ,, 

soluble in mineral acids and in acetic acid. 

If to the boiling solution of this precipitate in acid an excess 
of ammonia is added, manganous ammonium phosphate will bo 
precipitated, as with magnesium (sec page 51) : 

Na^PO^d- NH,+ MnC4+ 7H,0 = 2Naa+ Mn(NH,)PO,+ 7H,0. 

’ , ' 

The precipitate conrists of pink scales, and is very insoluble in 
water. 

7. Lead Peroxide and Concentrated Nitric Acid (Volhard’s 
reaorion).* — If a solution containing only traces of manganese is 
boiisd with lead peroxide and concentrated nitric acid, diluted 
with water, and the residue allowed to settle, the supernatant 

— BSi I I , . ■ — ■ ■ ■ ■ I . ■■■ — ■ — — ■ - .11 ,1 ,,, 

* Sodium bismutlmtc (formed by fusing bismuth oxide with sodium per- 
. oxide) and dilute nitric acid effect the same oxidation. 
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liquid acquires a distinct violet-red color, owing to the formation 
of permanganic acid: 

2MnS04+ 5PbO,+ 6HN0,« 

=2PbS04+ 3Pb(N0,),+ 2HaO+ 2HMn04. 

This extremely delicate reaction does hot take place in the 
presence of much hydrochloric acid or chlorides, because the per- 
manganic acid is thereby destroyed: 

2HMn04 +14HC1»8H20 +MnCl2 +6CI2. 

8. Ammonium Sulphide precipitates from manganese solutions 
flesh-colored hydrated manganese sulphide: 

Mnaa+ (NH4)aS = 2NH4CH- MnS+ aq. 

■ V * 

On boiling with a large excess of ammonium sulphide it is 
changed into less hydrated green manganese sulphide of the for* 
mula, 3MnS+H,0. 

9. Potassium Cyanide. — On adding potassium cyanide to a 
solution of a manganous salt a brownish precipitate appears, which 
redissolves in an excess of potassium cyanide, forming a brownish- 
colored solution. From this solution there separates, on standing 
or warming, a voluminous green precipitate of [Mn(CN)JK, which 
dissolves in still more potassium cyanide forming a yellow solution 
of [Mn(CN)JK4. This salt is very unstable; it can exist only in 
the presence of considerable potassium cyanide. Consequently, 
on diluting the yellow solution with water, the' green salt again 
separates out: 

[Mn(CN) JK4 [Mn(CN)JK-l- 3KCN. 

On healing the dilute solution to boiling, the manganous potas* 
«um cyanide is completely decomposed into potassium cyanide, 
prussic acid, and insoluble' white manganous hydroxide, which 
separates out: 

[Mn(CN) JK4-I- 2H0H ^ 4KCN-1- 2HCN+ Mn(OH)y 


The mangan ous potassium cyanide is not precipitated by am- 



ium sulphide in the presence of considerable potassium cyanide: 
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but the diluted solution, on the contrary, readily deposits the man- 
ganese as sulphide on boiling: 

[Mn(CN)JK 4 + (NH 4 )^= 4KCN+ 2NH,CN+ MnS. 

This reaction offers a cc.venient means for separating manga- 
nese from nickel, because nickel potassium cyanide is not precipi- 
tated by ammonium sulphide on boiling the dilute solution. 

RBACnONS IN THK DRY WAY. 

The bead of borax, or salt of phosphorus, is amethyst red in the 
oxidizing flame with small amounts of manganese, almost brown 
with lai^r amounts, and can then be mistaken for the nickel bead. 
Heated in the reducing flame, the manganese bead becomes color- 
less, while the nickel bead appears gray. 

On fusing any manganous compound with caustic alkali or 
alkali carbonate (on platinum foil) in the air, or, better still, in the 
presence of an oxidizing agent (such as potassium nitrate, potas- 
sium chlorate, etc.), a green melt is obtained, owing to the formation 
of the alkali salt of manganic acid, as is shown by the following 
equations: 

MnO+ Na,CO,+ 0, = C0,-|- Na,Mn 04 , 

MnO,-t- Na,CO,+ 0 = C0,+ Na^nO^, 

Mn,0,+ 2NajC0,+ 30 = 200,+ 2NajMnO„ 

Mn,04+ 3Na,C0s+ 50 = 3C0,+ 3Na,Mn04, 

MnS04-l- 2Na2(X),-t- 0,= 2C0,+ NajS04-l- Na^n04. 

The oxygen comes either from the air or from the nitrate or 
chlorate: • 

KN0,=.KN0,+0, 

Ka0,=Ka+30. 

This reaction is exceedingly delicate, for a fraction of a milli- 
gram can be recognized by the formation of this green color. 

By igni tion in the air the oxides of manganese are changed to> 

Mn, 04 : 

3MnO-h 0 = Mn 404 , 

3MnOj«» Mnj 04 -f- 0^ 

SMn^O, 2Mn404+ O. 
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B. Manganic and Permanganic Acids. 

The free manganic acid has never been isolated. If we attempt 
to form it from the green melt of the alkali manganate by the addi- 
tion of acid, permanganic acid and hydrated manganese dioxide 
will be obtmned; a part of the unstable manganic acid oxidizes 
another part of the same to permanganic acid, while the niridianng 
part is itself reduced to hydrated manganese dioxide: 


0 = 

0 = 

0 = 

0 = 

0 = 

0 = 


Mn^^= 2 HMn 04 +H, 0 +Mi^ 


Mn 


-OH 

-OH 


\0H 


. This transformation takes place so readily that the green solution 
of the manganate is changed to a reddish-violet solution of a per- 
manganate by simply standing in the air with the help of the car- 
bonic acid which the air always contains: ^ 


/OK 



The reaction takes place much more rapidly; however; if a few 
drops of a strong acid are added.* 


* The above-mentioned reaction; in which an oxygen compound is de- 
composed into a compound richer in oxygen; and at the same time into 
one poorer in oxygen; or; in other wordS; a part of the compound is oxidized 
at the expense of the oxygen of another part; is so common that we will 
give a few other typical examples at this place* 

The hypochloritei are changed by wanning the aqueous sdlution into 
chlorate and chloride: 

SfaiOjOi - NaaOb + 2Naa 

Nalola 
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Pe rm a nganic Acid, HMn04, although. much more stable than 
manganic acid, is only known in aqueous solution; but the anhy* 
dride Mn^O,, on the other hand, has been isolated. On cautiously 
adding concentrated sulphuric acid to the cooled solution of a per- 
manganate, oily drops of rcdrlish-brown MnjO, separate out, which, 
however, on being wanned (the heat of reaction is sufficient) ex- 
plode with scintillation: 

Mn,0,+ 2H,S04= 2MnS04+ 2H,0+ 50. 

The salts of permanganic acid (the permanganates) are all solu- 
ble in water, with a reddish-violet color, and are very energetic 
oxidizing agents. 

According to whether the oxidation takes place in acid or in 
alkaline solution the permanganic acid is reduced cither to MnO 
or MnO,. 

The oxidation in acid solution takes place according to the 
following scheme: 

2KMn04 = K,0-|- 2MnO+ 50. 


By igniting the chlorate a perchlorate and a chloride are formed: 

' !0 i - NaC 104 + Naa + Of 

NaQO 

O 


Nitrous aeid is changed in aqueous solution into 


|hno,' 
iiON'ol 
HON O 


- HNO, + 2N0 + H,0. 


Hypophosphorous acid and phosphorous acid are changed on wstming 
into phosphoric acid and phosphine: 

PO,H, 

PiOjIHT, 


Similarly the alkali thiosulphates and alkali sulphites are changed on ignL 
tion in the absence of air into sulphate and sulphide: 


NagSSO, 

NagSSO, 

Na,SSO| 

Nai^SO, 


NagSO, 

3NIHS04 + NaA and - SNa^). + NaJ3 

NaA)! 
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It is only necessary to. provide sufficient acid to dissolve the oxides 
formed. 

The oxidation in alkaline solution reduces the permanganio 
acid only to manganese dioxide: 

2KMn04 « K,0+ 2MnO,+ 30. 

ExamjAea of Oxidation in Add Solvtion . — The oxidation of 
ferrous salts by potassium permanganate has been explained (see 
page 5) ; but we will mention here a few other important cases. 

Almost all hydrogen compounds of the negative elements are 
oxidized by a solution of potassium permanganate, hydrochloric 
and hydrobromic acids on warming, hydriodic acid even in the 
cold: 

2KMnO,+ 3H,S04+ 10Ha= 2MnS0,+ 8H,0+ 6C1,, 

2KMn04+ 3H^0«+ lOHI = K,S04+ 2MnS04+ 8H,0+ 61,. 

Hydrogen sulphide is oxidized in the cold with separation of 
sulphur: 

2KMn04+ 3H,S04+ 5H,S= K,S04+ 2MnS04+ 8H,0+ 5S. 

The hydrogen compounds of phosphorus, arsenic, and antimony 
are oxidized to the corresponding acids: 

8KMn04+ 12H,S04+ 5PH, = 4K,S04+ 8MnS04+ 12H,0+ 6H,P04. 

Sulphurous acid decolorizes the solution of potassium perman- 
ganate, sulphur and dithionic acid being alwa3rs formed. It is 
never possible by means of this reaction to oxidize sulphurous acid 
completely to sulphuric acid. The proportion of sulphuric acid 
formed to that of dithionic acid varies with the concentration and 
with the temperature; consequently sulphurous acid cannot be de- 
termined quantitatively by means of potassium permanganate. 

If sulphurous acid is allowed to act upon manganese dioxide 
suspended in water, manganese dithionate and manganese sul- 
phate are formed: 

Mn0,+2S0,rMnS,0„ 

» MnO,+ SO,— MnS04. 
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In the cold more of the dithionate is formed, while on warming 
more sulphate. 

As a point must be reached in the oxidation of sulphiuous acid 
by potassium permanganate where MnO, begins to act upon the 
former, there must, therefore, always be some dithionic acid formed. 
At a certain temperature and with a definite concentration, the 
reaction can take place as follows: 

K,02Mn0„0,*+ 6SO,+ 2H,0 = 2KHSO4 + 2MnS04+ H,SaO,. 

Oxalic Add is completely oxidized on wanning to carbonic 
anhydride: 

COOH 

2KMn04+ 6 1 + 3H,S04= K,S04+ 2MnS04+ 8H,0+ lOCO,. ' ' 

COOH 

Tartaric acid is also oxidized by permanganates. 

In the case of all the above reactions, a considerable excess of 
acid must be present, otherwise the solution will become turbid, 
owing to the formation of brown manganous manganite : 

/OH 

Mn=0 

4KMn04+ llMnS04+ 1411,0= 4KHSO4+ 711,804+ 6 ^ > Mn. 

Mn^) 

\0H 

According to the concentration and temperature at which 
the reaction takes place other manganites may be formed. 

Hydrogen Peroxide, or the peroxides of the alkalies and alkaline 
earths, as well as percarbonic acid, all decolorize permanganic acid; 
the permanganic acid as well as the other bodies are reduced, with 
evolution of oxygen: 

1 . 2KMn04+ 6H,0,+ 4H,S04 = 2KHSO4+ 2MnS04+ 8H,0+ 60*. 

2. 2KMn04+5K,C,0,+ 14H,S04= 

= I2KHSO4+ 2MnS04+ 8H,0+ 1000,+ 6O2. 

Persulphuric acid, which is analogous to percarbonic acid, does 
not reduce a solution of a permanganate. 


* 2 KMn 04 - K,0-2Mn0, 0,. 
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Oxidation in Alkaline Solution . — Many organic substances are 
oxidized by permanganates in alkaline solution with deposition of 
mangan ese dioxide. Thus formic acid is oxidized to carbonic acid, 
ethyl alcohol to aldehyde and acetic acid, cellulose (paper) to oxalic 
acid principally, so that a solution of a permanganate cannot be 
filtered through paper. By boiling a concentrated solution of 
potassium permanganate with concentrated potassium hydroxide, 
potassium manganate is formed with evolution of oxygen, so that 
the color of the solution becomes green: 

4KMn04 +4KOH - 4K2Mn04 +2H2O +O2. 

By heating solid potassium permanganate to 240° C., potassium 
manganate is formed, also with evolution of oxygen: 

2KMn04 = K,Mn04+ MnO,+ O,. 

Nickel, Ni. At. Wt. 58.7. 

Occurrence . — In the native state nickel occurs only in meteor- 
ites. It is most frequently foimd in combination with sulphur, 
arsenic, and antimony in regular and hexagonal crystallizing 
minerals, of which the following arc the most important: 

A. Isometric Sjrstem. 


Chloanthite 

NiAs,; 

Gersdorifite 

NiAsS; 

Ullmannite 

NiSbS. 

B. Hexagonal System. 

t 



Niooolite 

Breithauptite 

Ni,Sb,; 

■ Hillerite 

Ni^As,; 

Ni,S,. 


Nickel also occurs as regular crystals of bunsenite, NiO, iso- 
morphous with periclasite, MgO, and manganosite, MnO; as gar- 
nierite, or noumeite, Si04(NiMg)H,+ aq a mineral occurring in 
New Caledonia, from which pure nickel can be prepared; and finally 
as annaber^te, Ni,(Aa04)5 *811,0. isomorphous with erythrite. 

Metallic nickel possesses a silver-white color, with a specific 
gTBAdty of 8.9 and a melting-point of about 1600° C. It is diffi- 
cultly soluble in hydrochloric and sulphuric acids, but readily 
soluble in nitric acid. It forms two oxides: 

Nickelous oxide, NiO; Nickelic oxide, N4O,. 

Green Brownish biaok 
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By dissolving either of these oxides in acids, salts of bivalent 
nickel are always obtained: 

Ni0+2Ha=H,0+NiCl„ 

Ni,o,+ 6Ha = 3H,o+ 2Nia,+ ca,, 

2Ni203 +4112^04 =4H20 +4NiS04"f 02* 

Nickelous oxide behaves as a basic anhydride, while nickclio 
oxide acts as a peroxide. 

The ciystallizcd salts of nickel and tlicir aqueous solutions are 
green,' but in the anhydrous condition they are usually yellow. 
Most of the salts are soluble in water; the sulphide, carbonate, and 
phosphate are insoluble. 

REACTIONS IN THE WET WAY. 

1. Potassium Hydroxide precipitates apple-green nickelous 
hydroxide. 

NiCl,+ 2K0H = 2KC1-I- Ni^ J, 

insoluble in excess of the precipitant, readily soluble in acids. 

2. Ammonia precipitates (in neutral solutions free from ammo- 
nium salts) a green basic salt, 

Ni-OH 

2 NiS 04 -t- 2 NH, 0 H=(NH,)^S 04 + NsO,, 

Ni^H 

soluble (with a blue color) in excess of ammonia, forming a complex 
nickel ammonium salt: 

Ni,S04(0H),-l- (NH4),S04-(- 10NH,=2[Ni(NH,),]SO4*+ 2H,0. 

In the presence of sufficient ammonium salt ammonia produces 
no precipitate as with magnesium, ferrous and manganous salts; 
potassium and sodium hydroxides, however, precipitate the green 
hydroxide (difference from cobalt, see p. 133). 

* Just .as cyanogen poesesses the ability to fonn with metala complex 
ions, BO do ammonia, water, pyridine, etc. Cf. A. Werner, Zeit. fiir anorg. 
Ch., Ill ff.; A. Werner and A. MiolatU, Zeit. f&r {diys. Ch., XII, XIV, and 
XXI. 
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■ The anhydrous chloride and sulphate reacUIy absorb anunonia, 
fnrming anhydrous nickel ammonium salts: 

NiCl2+6ra8=[Ni(NH8)e]Cl2, 

NiS04+6NH8-[Ni(NH8)6]S04. 

3. Potas^um and Sodium Carbonates precipitate apple^green 
nickel carbonate: 

NiCl,+ NaiCO,=2NaCl+ NiCO,. 

4. Ammonium Carbonate behaves similarly, only the precipi- 
tate which is formed is soluble in an excess of the precipitant, form- 
ing nickel ammonia carbonate. 

5. So^um Hypochlorite precipitates in the presence of alkalies 
all of the nickel as brownish-black nickelic hydroxide, Ni(OH),. 
Nickelous hydroxide is first formed by the alkali present, but it is 
then oxidized by the hypochlorite to nickelic hydroxide: 

2Ni(OH),-t- NaOa+ HOH = Naa+ 2Ni(OH),. 

On adding chlorine or bromine to the nickel solution to which 
alkali has been added, nickelic hydroxide is likewise formed:* 

Ni(OH),-|- NaOH+a=NaCl-l- Ni(OH),. 

6. Barium Carbonate produces in the cold no precipitation; but 
by continued boiling, all of the nickel is thrown down as basic car- 
bonate. 

7. Hydrogen Sulphide precipitates no nickel from solutions 
which contain mineral acid or much acetic acid; while from solu- 
tions slightly acid with acetic acid and containing an alkali acetate, 
all the nickel is precipitated as the black sulphide: 

NiClj-b 2NaC,H,0,-l- HjS = 2Naa-|- 2HC^O,+ NiS. 

* By carefully evaporating the brown solution of nickel sulphide in am- 
monium sulphide, Antony and Magri claim to have isolated a sulphide of the 
fonnula NiS 4 . ; (Aem. Zeit., 1902, p. 37.) 
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8. Ammonium Sulphide precipitates from neutral solutions the 
nickel as sulphide: 

NiCl,+ (NH«)^ - 2NH,C1+ NiS. 

Nickel sulphide is some^'luit soluble (with a brown color) in an 
excess of ammonium sulphide; particularly so in the presence of free 
ammonia. The nickel may be precipitated from this brown solu* 
tion by acidifying with acetic acid and boiling. In the presence of 
considerable ammonium salts the nickel is not dissolved by colorless 
ammonium sulphide. If, therefore, we desire to* precipitate the 
nickel as sulphide from an ammoniacal solution, it is best to add 
considerable ammonium chloride and then saturate the solution 
with hydrogen sulphide. The nickel sulphide thus obtfuned can be 
easily filtered and the filtrate is completely free from nickel. The 
reason why nickel sulphide is soluble in ammonium sulphide in the 
presence of ammonia is, probably, that a complex nickel ammo- 
nium sulphide is formed, perhaps of the formula Ni(NII,),S. 

Nickel sulphide is very difficultly soluble in dilute mineral acids, 
readily soluble, however, in strong nitric acid or aqua regia, with 
separation of sulphur: 

3NiS-|- ma+ 2HNO, - 3NiCl,-|- 2NO-1- 4H,0+’ 38. 

The sulphur usually separates out as a black film. This is 
caused by the sulphur first melting in consequence of the heat of 
reaction, enclosing small particles of the black sulphide and pro- 
tecting them from the action of the acid. By continued action of 
the acid all the sulphide is dissolved, and the sulphur remains as 
yellow drops, which arc oxidized little by little to sulphuric acid, 
going into solution: 

S+2HNO,=H^,-h2NO. 

9. Potastium Cyanide produces a bright-green precipitate of 
nidcelous cyanide, 

NiCl,-l-2KCN=2Ka-|- Ni(CN)„ 

readily soluble in an excess of the precipitant, forming niekel potaa* 
■ium cyanide: 


Ni(CN),-|-2KCN-[Ni(CN)JK,. 
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This last salt is readily decomposed by dilute mineral adds, 
with evolution of prussic acid and deposition of nickelous cyanide, 
which dissolves finafly by the addition of more add: 

[Ni(CN) JK,+ 2HCl«=[Ni(CN),]H,+ 2KC1. 

The nickel hydrogen cyanide, which is first formed, is. like car- 
bonic add, very unstable, and decomposes according to the follow- 
ing equation: 

[Ni(CN)4]H,= Ni(CN),+ 2HCN. 

Nickel potassium cyanide is not decomposed by ammonium 
sulphide (difference from manganese and zinc), but is readily de- 
composed by chlorine, bromine, and hypochlorites: 

[Ni(CN)4]K,+ 8a= 2KCH- NiCl,-t- 4CNa 

On adding sodium hydroxide to a solution of nickel potasdum 
cyanide and conducting chlorine into the solution, nickelous chloride 
is first formed, which is decomposed by the caustic soda to nickel 
hydroxide; and the latter is oxidized by further action of chlorine 
or bromine, forming black voluminous nickelic hydroxide (cf. 
p. 128). This reaction is exceedingly delicate and serves for the 
detection of nickel in the presence of cobalt, as the corresponding, 
complex cobalt cyanide compound is not decomposed under these 
conditions. . 

A large excess of potassium cyanide must be avoided, because 
in that case the reaction takes place much more slowly. The re- 
action depends entirely upon the presence in the solution of nickel 
chloride, and this is formed only when the excess of the potassium 
cyanide has been destroyed. By the further action of chlorine the 
nickel potassium cyanide is decomposed; i.e., nickel chloride is 
formed, upon which sodium hydroxide and chlorine act, forming 
black nickelic hydroxide. 

The best procedure is as follows: A few drops of the solution to 
be tested for nickel arc taken so that two to three drops of potas- 
rium cyanide will be sufficient to produce a clear solution, two to 
^tiuree o.c. of double normal sodium hydroxide solution are added, 
and chlorine is conducted into the solution in the cold. Under 
these conditions a precipitate of Ni(OH), will be surely formed 
within one to two minutes. 
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Bromine acts similarly to chlorine, but it is decidedly preferable 
Jo conduct chlorine gas into the solution. 

10. Sodium Phosphate precipitates apple-green nickel phos- 
phate, 

3NiCl,+ 4Na,HP04==GiNaCl+2NaH,P04+Ni,(P04),, 

readily soluble in acids, oven acetic. 

.11. Potassium Nitrite produces in dilute nickel solutions no 
precipitate (difference from cobalt). In very concentrated solu- 
tions a brownish-red precipitate of Ni(NO)3.4KNO, is thrown 
down; in the presence of alkaline earth salts a yellow crystalline 
precipitate is fonned; c.y., 

NiCNO^), * Ba(NOj) j . 2KNO„ 

which is very difficultly soluble in cold water, b\it readily soluble in 
boiling water, with a green color. 

REACTIONS IN THE DRY WAY. 

The borax, or sodium metaphosphate, bead is brown in the oxi- 
dizing flame, almost the same shade as the strongly-saturated man- 
ganese bead; in the reducing flame the bead becomes gray, in con- 
sequence of the formation of some metallic nickel. On looking at 
the bead through the microscope the finely-divided metal can be 
seen suspended in the colorless glass. 

On heating nickel salts with sodium carbonate on charcoal a 
gray scale of metallic nickel is obtained. This reaction is best per- 
formed with the charcoal stick, as described on page 24. The mag- 
netic metal obtained in this way is placed on a piece of filter-paper, 
dissolved in nitric acid, a drop of concentrated hydrochloric acad is 
added, and the paper carefully dried by moving it back and fortih 
over the flame. * If nickel is present the paper appears greenish 
(colorless with very small amounts of nickel), or bluish if cobalt is 
also present. The paper is now moistened (where the nickel is) 
with caustic soda or potash, and is then held in bromine vapors, 
which are obtained by shaking some bromine water in a wide- 
mouthed flask. 

If nickel or cobalt is present, a black spot will be formed by the 
above treatment, consisting of the hydroxide of the trivalent metal 
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<p. 128). The blackening often does not appear at first; in this 
case the paper is moistened once more with potassium hydroxide 
and again treated with bromine. The spot will now appear if 
nickel is present. 


COBALTy Co. At. Wt. 69.0. 

Occurrence . — Like nickel, native cobalt is found only in meteor- 
ites. It occurs in the earth's emst chiefly as sulphide, arsenide, 
and as salts of sulphoarsenious and sulphoantimonous acids; it is 
almost always accompanied by nickel and iron. 

The most important ores are smaltite, (Co,Ni,Fe)Asg, iso- 
metric; cobaltite, (Co,Fe)(As-S), isometric; skutterudite, 
isometric; erythrite, Co3(As04), • SHjO, monoclinic, isomor- 
phous with vivianite, Fej(P04)3-8H30, and with annabeigite, 
Nia(As 04)2 • SHjO. 

Metallic cobalt is steel gray, possesses the specific gravity of 8.5, 
dissolves much more readily in dilute acids than nickel, and is, like 
the latter, magnetic. 

Cobalt forms, like iron, three oxides: 

Cob»ltouB oxide Gobaltous oobaltio oxide Ck>baltie oxide 

CoO, Co,04, COjOj. 

By dissolving these three oxides in acids, salts derived from^ 
cobaltous oxide are always obtained, containing therefore bivalent 
eobalt: 

CoO-f 2HC1= H3O+ C0CI3, 

Co30,+ 6HC1= 3H3O+ 2C0CI3+ CI3, 

Coa04+ 8Ha - 4H3O+ 3CoCi3+ Cl,. 

Simple cobaltic salts are unknown, but many complex com- 
pounds exist with trivalent cobalt, as, for example, potassium 
cobaltic nitrite, potassium cobaltic cyanide, and numerous cobaltic 
ammonium derivatives. 

Cobaltous compounds in a crystallized state (as well as in aqueous 
solution) are pink, in the anhydrous condition yellow or green, and 
blue in aqueous solutions in the presence of hydrochloric acid. The 
solubility reactions of cobaltous salts are similar to those of manga- 
nese and. nickel. 
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REACTIONS IN THE WET WAT. 

1. Potassium or Sodium Hydroxide precipitate In tlw cold a 
blue basic salt: 

CoZa+ KOH - KC1+ 

which on wanning is further decomposed by potassium hydroxide^ 
forming pink cobaltous hydroxide: 

+ KOH.= Ka+ Co^oS. 

In the case of a moderately concentrated solution of the alkali the 
precipitate of pink cobaltous hydroxide is often produced in the 
cold, sometimes only after standing some time. The rapidity of the 
reaction depends entirely upon the concentration of the alkali. 

Cobaltous hydroxide changes gradually to brown in contact 
with the air, going over into cobaltic hydroxide: 


2Co^2+ H0H+0=2C(^H. 


In this respect cobalt behaves similar to iron and manganese, 
and differs from nickel, for the hydroxide of the latter is not 
oxidized by atmospheric oxygen. 

On adding chlorine, bromine, hypochlorites, hydrogen peroxide, 
etc., to an alkaline solution containing cobaltous hydroxide, cobaltic 
hydroxide is immediately formed, as with nickel and manganese: 


Co"^ij + NaOH+ Cl « NaCl+ Co^H, 

— . \OH 

2Co/95+HOH+NaOCUNaCl+ 2C()^H, 

\()U 


From ammoniacal cobalt solutions the above oxidizing agents 
cause no precipitation, but merely a red coloration; the addition 
of potassium hydroxide then causes no precipitation (difference 
from nickel). 

Remark . — Cobaltous hydroxide, Co(OH) 2 , behaves under some 
conditions as a weak acid, for on adding to a cobaltous solution a 
very concentrated solution of KOH or NaOH the precipitate at 
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first produced dissolves with a blue color ♦ similar to copper. By 
the addition of Rochelle salts to this blue cobalt solution the color 
either disappears almost entirely or becomes a pale pink, while the 
similarly treated copper solution becomes more intensely blue. By 
the addition of potassium cyanide to the blue cobalt solution it be- 
comes yellow, and in contact with air turns intensely brown. A 
copper solution would be decolorized by the addition of potassium 
cyanide. 

By pouring a little cobalt solution (or adding a little solid cobalt 
carbonate), into a concentrated solution of caustic soda or potash, to 
which a little glycerine has bcjen added, a blue solution is fonned 
(the color being intensified by warming), which after standing some 
time in the air becomes a beautiful green on the addition of hydro- 
gen peroxide. 

2 . Ammonia precipitates, in the absence of ammonium salts, a 
blue basic salt, soluble, however, in excess of ammonium chloride. 
Ammonia, therefore, produces no precipitate in solutions which 
contain sufficient ammonium chloride. The dirty yellow ammonia- 
cal solution is little by little turned reddish on exposure to the air, 
owing to the formation of very stable cobaltic ammonium derivatives 

3 . Alkali Carbonates produce a reddish precipitate of basic salt 
of varying composition. 

4 . Ammonium Carbonate also precipitates a reddish basic salt, 
soluble, however, in excess. 

5 . Barium Carbonate precipitates in the cold, and in the absence 
of air, no cobalt; but on exposure to the air cobaltic hydroxide is 
gradually thrown down. The precipitation takes place much more 
quickly on the addition of h3rpochlorites or hydrogen peroxide: 

2 CoCl,+ 2BaC03+ 3 HOH+ NaOQ- 
« NaCl+ 2BaCl3+ 200 ,+ 2C!o(OH)3. 

If the solution is heated to boiling, all of the cobalt is predpi- 
tated as a basic salt, even out of contact with the air. 

6. Hydrogen Sulphide produces no precipitate in solutions con- 
taining mineral aei^. In neutral solutions containing an alkali 
acetate all of the cobalt is precipitated as black sulphide. 

7 . Ammdnium Sulphide precipitates black cobalt sulphide,* 

C0CI3+ (NH,)3S-2NH4C1+ CoS, 


* £d. Donath, Zeitschr. f. anal. Ch.» 40, p. 137 (1001). 
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insoluble in ammonium sulphide, acetic acid, and very dilute hydro- 
chloric acid; soluble in concentrated nitric acid and aqua regia, 
^th separation of sulphur: 

3CoS+ 8 HNO 3 = 4Hp+ 2NO+ 3S+ SCoCNO,),. 

By continued action of strong nitric acid all the sulphur goes 
into solution. 

8 . Potassium Cyanide produces in neutral solutions a reddish- 
brown precipitate, soluble in excess of potassium cyanide in the 
cold, with a brown color, forming potassium cobaltocyanide: 

1. CoC1,+ 2 KCN=Co(CN) 3 . 

2. Co(CN)3+4KCN=[Co(CN)o]K,. 

On warming the brown neutral solution for some time it be- 
comes a bright yellow and reacts alkaline; it now contains potas- 
sium cobalticyanide, of analogous composition to potassium ferri- 
cyanide. 

The formation of the cobaltic salt takes place with the help of 
atmospheric oxygen: 

/K 

Co(CN) 

/|K 

Co(C3N)~^ 

The reaction takes place more quickly by means of chlorine, 
bromine, hypochlorites, etc.: 

• yK 

Co(CN)^|+a-KCl+[Co(CN)J^K. 

\k 

An excess of chlorine, bromine, etc., does not decompose the 
cobaltic salt (difference from nickel). 

Potassium cobalticyanide is very much more stable than the 
cobaltous compound. By adding hydrochloric acid to the ’brown 


:+0+H,0i 


/K 

» 2 KOH+ 2 [Co(CN)J-K. 

\K 
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solution of potassium cobaltocyanide, prussic acid will be given off 
and yellow cobaltous cyanide will be formed, 

[Co(CN)JK 4 + 4 HCl- 4 KaH- 4HCN+ Co(GN)„ 

while potassium cobalticyanide is not decomposed by hydrochloric 
acid. 

Potassium cobalticyanide forms, with most of the heavy metals, 
difficultly soluble or insoluble salts possessing characteristic colors. 
Thus, it produces with cobaltous salts pinkish-red cobaltous cobalti- 
cyanide: 

[Co(CN)JK, [Co(CN)j/^ 

+ 3 C 0 CI- >Co-f-6KGl, 

[Co(CN)JK. [Co(CN)J^Co 

and with nickel salts greenish nickel cobalticyanide. 

If, therefore, a cobalt solution contains nickel it gives, on pre- 
cipitating and redissolving with potassium cyanide, boiling, and 
adding hydrochloric acid, a greenish precipitate of nickelous cobalti- 
cyanide: 

2[Co(CN) JK 3 + 3[Ni(CN) JK 3 + 12HC1= 12Ka+ 

+ 12HCN+[Co(CN)olNi3. 

9. Potassium Nitrite produces in concentrated solutions of 
cobalt salts, with the addition of acetic acid, an immediate precipi- 
tation of yellow crystalline potassium cobaltic nitrite. If the solu- 
tion is dilute, the precipitate appears only after standmg for some 
time, but more quickly on rubbing the sides of the beaker. 

The reaction takes place in the following stages: 

1. CoCl 3 + 2 KN 03 ;=iCo{N 03 ) 3 + 2 KCl. 

2. 2 KNO 3 + 2HC3H3O3-2KC3H3O3+ 2 HNO 3 . 

The free nitrous acid oxidizes the cobaltous nitrite to cobaltio 
nitrite, 

which now combines with more potassium nitrite; 

4. Co(NO,),-|-3KNO,-Co(NO,)*K,. 
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This reaction offers an excellent means for detecting the presence 
of cobalt in nickel salts. 

10. Ammonium Sulphocyanate (VogePs reaction).* If a con- 
centrated solution of ammonium sulphocyanate is ailded to a cobal- 
tous solution, the latter becomes a beautiful blue, owing to the 
formation of ammonium cobaltous sulphocyanate: 

(а) CoCl,+ 2NH,CNS=2NH,Cl+Co(CNS),. 

(б) Co(CNS)j+ 2NH4CNS^ [Co(CNS) JCNIIJ,. 

Blue. 

On adding water the blue color disappears and the pink color 
of the cobaltous salt takes its place. If, now, amyl alcohol f is added 
(or a mixture of equal parts amyl alcohol and ether), and the solu- 
tion shaken, the upper alcoholic layer is colored blue. This reaction 
is so sensitive that the blue color is recognizable when the solution 
contains only of a milligram of cobalt. The blue solution also 
shows a characteristic absorption spectrum.J Nickel salts produce 
no coloration of the amyl alcohol. If, however, iron is present, the 
red Fe[CNS]j is formed, which likewise colors the amyl alcohol, mak- 
ing the blue color (due to the cobalt) very indistinct, so that, under 
some conditions, it can no longer be detected. If, however, some 
sodium carbonate solution is added drop by drop, the iron will be 
precipitated as ferric hydroxide, while the blue color produced by 
the cobalt is unaffected. 

Detection of Traces of Cobalt in Nickel Salts. 

In order to test a nickel salt for cobalt, ^ concentrated solution 
of ammonium sulphocyanate is added to the solution of a consider- 
able amount of the salt, a few cubic centimeters of a mixture of amyl 
alcohol and ether are added and the solution shaken. After the 
latter has been allowed to settle, if the upper alcohol-ether layer 
is colorless, then the nickel salt contains neither iron nor cobalt; if 
the layer is reddish, iron is present. In this case a few drops of 


* Ber. dcutsch. Chem. Ges. 12, 2314. 

t T. T. Morrell first showed that cobalt salts give a blue color with am- 
monium sulphocyanate, disappearing on the addition of water, but reap- 
pearing when alcohol is added. Zeit. anal. Chem. 16, 251. 
t Wolflf, Zeitschr. anal. Chem. 18, 38. 
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floda solution arc added, and the solution again shaken; if cobalt 
is present the alcohol-ether layer is now distinctly blue. 

REACTIONS IN THE DRY WAY. 

The bead produced by borax or sodium metaphosphate is blue 
in both the oxidizing and reducing flames. By holding the bead in 
the upixjr reducing flame for a long time it is possible to reduce the 
cobalt to metal, when it appears, like nickel, gray. 

On the charcoal stick cobalt compounds yield gray metallic 
cobalt, which can be removed by means of a magnetized knife-blade, 
as described on page 25, placed on filter-paper, dissolved in hydro- 
chloric acid and dried. The paper is then colored blue by cobalt 
(difference from nickel). If, now, sodium hydroxide is added and 
the paper exposcnl to the action of bromine vapors, black cobaltic 
hydroxide, Co(OH)j, is formed. 

ZINC, Zn. At. Wt., 65.4. 

Occurrence. — Smithsonite, ZnCO,, isomorphous with calcite, 
CaCOj, etc.; sphalerite, ZiuS, isometric; calamine, Zn^SiOi-f H,0, 
orthorhombic, hemimorphic; zincite, ZnO, hexagonal; and frank- 
linitc, [Fe(),],(Fe,Mn,Zn), isometric. 

Metallic zinc is bluish white, with sp. gr. 6.9; it melts at 
420® C. and boils at about 950® C. At low temperatures and at 
about 200® C. it is so brittle that it can be pulverized, but at 110®- 
150® C. it is ductile and can be drawn out into wire and rolled into 
foil. 

Zinc is readily soluble in all acids; in hydrochloric, sulphuric, 
and acetic acids with evolution of hydrogen: 

Zn+2HCl=ZnCl,+ H,. 

Nitric acid dissolves it forming the nitrate, but hydrogen is not 
evolved on account of its being used up in reducing the excess of 
nitric acid. The reduction products are different according to the 
concentration of the acid used; with concentraterl acid, nitric oxide, 
NO, is formed, while dilute acid is reduced to ammonia: 

2HNO,+ 6H = 4H,0+ 2NO (concentrated), 

HNO,+ 8H » 3H,0+ NH, (dilute). 
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The solution of zinc in concefUrated nitric acid may be supposed 
to take place as follows: First of all, the nitrate is formed, with 
evolution of hydrogen, 

3Zn+6HNO,-3Zn(NO,),+3H„ 

and the latter is used up as quickly as it is formed by rsduemg 
the nitric acid to nitric oxiile: 

2IIXO3+ 6H « 411,0+ 2N0. 

The whole reaction, then, may be n^presented by the equation 
3Zn+ 8HX0, - 3Zn(N0,),+ 41Ip+ 2N0. 

A similar reaction takes place in the solution of zinc in dUuU 
nitric acid: 

4Zn+ 10IIXO3«4Zn(NO3),+ NH,N03+ 3H3O. 

Like aluminium, zinc dissolves in caustic soda or potash with 
evolution of hydrogen and the formation of a zincate: 

Zn+ 2K0I I « Zn(OK),+ II,. 

Zinc forma only one oxide, ZnO. It is a white infusible powder, 
which becomes yellow when heated, but turns w+ite again on 
cooling. 

Zinc oxide dissolves readily in acids, forming zinc salts: 

ZnO+ H, SO, = 11,0+ ZnSO,. 

There exists only one series of zinc salts, and the sine is always 
bivalent. Most of the salts arc white. The chloride, nitrate, sul- 
phate, and acetate arc soluble in water; the remainder dissolve 
reaflily in mineral acids. 

UKACTIONS IN THK WET WAY. 

1. Potassium and Sodium Hydrates precipitate white gelati* 
nous zinc hydroxide. 

ZnCl,+ 2KOH-2KC1+ Zn(OH)„ 
easily soluble in excess of the precipitant, forming a zincate: * 

Zn(OH)a +2K0H =■ 2H2O + 

* According to Uantzsch the zinc is not present az zincate, but probably 
as hydroxide in the hydrosol form. Zeit. f. tnorg. Ch., XXX (1902), p. 289. 
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10. Potassium Ferrocyanide precipitates white zinc ferrocy^- 
idc, which is changed by an excess of the potassium ferrocyanide 
into insoluble zinc potassium ferrocyanide: 

(а) K«Fe(CN),+ 2ZnC4= 4KC1+ [Fe(CN), £^° , 

/K 

[Fe(CN),]^Zn • 

(б) 3Zn,Fe(CN),+ K4Fc(CN),=2 >Zn. 

lFe(CN)J4Zn 

The formation of the last-named body plays an important part 
in the volumetric determination of zinc, according to the method of 
Galetti. 


REACTIONS IN THE DRY WAY. 

Heated with sodium carbonate on charcoal before the blowpipe, 
it is not possible to obtain metallic zinc on account of its volatility ; 
but an incrustation of oxide is obtained which is yellow while hot 
and white when cold. 

Zinc oxide (or such compounds of zinc as are changed over to 
oxide on ignition), when moistened with cobalt nitrate yields a 
green infusible mass: Rinnmann’s green. This reaction is per- 
formed exactly as with aluminium (p. 75). 

Separation of the Metals of Group III from' the Alkalies 
and Alkaline Earths. 

The separation of the momlxjrs of the ammonium sulphide group 
from the alkalies and alkaline earths is effected by means of ammo- 
nium sulphide and ammonium chloride. If, however, the solution 
co!itains phosphoric acid, oxalic acid, or considerable boric acid, 
anu||Mia and ammonium sulphide ^ill each precipitate calcium 
st|||Hum, barium, and magnesium as phosphate, oxalate, or 
boSlc together with the members of the ammonium sulphide group. 
This special case will be treated in Part II. 

( The separation of the metals of Group III is effected according to 
Tables II, III and IV, pages 143, 144, and 145. 
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METALS OF GROUP IL HYDROGEN SULPHIDE 
GROUP. 

MERCURT, LEAD, COPPER, BISMUTH, CADMIUM, ARSENIC, ANTIMONT9 

TIN (gold, platinum, SELENIUM, TELLURIUM, VANADIUM, 

TUNGSTEN, MOLYBDENUM, THALLIUM). 

Mercury, Hg. At. Wt. 200 . 0 . 

Occurrence . — ^Mercury occurs in nature chiefly in the form of 
rhombohedral cinnabar, HgS; and deposits of cinnabar form the 
chief source of all our mercury. According to G. F. Becker,’^ 
cinnabar is deposited from solutions of its sulpho salt. The 
richest deposits are those of New Almadcn in California, where it 
occurs with serpentine; of Almaden in Spain, Tdria in Carniola, and 
Moschcllandsberg in the Palatinate of the Rhine. With the cinna- 
bar small amounts of native mercury .are often found. Mercury 
is also an important constituent of many varieties of tetrahedrite. 

Metallic mercury is the only one of the metals which is liquid at 
ordinary temperatures. Its specific gravity is 13.595; it solidifies 
at —39.4® C., and boils at 357® C, slij^htly above the boiliifg-point 
of sulphuric acid, which is 338® C. Mercury is insoluble in hydro- 
chloric and dilute sulphuric acids, but is soluble in hot concentrated 
sulphuric acid with evolution of sulphur dioxide, forming mercurous, 
or mercuric sulphate according to whether the metal or the acid is 
present in excess. The formation of mercuric sulphate takes place 
according to the equations 

1. Hg+H^S 04 =Hg 0 +H, 0 +S 0 ,. 

2. Hg 0 +H,S 04 -HgS 04 +H, 0 . 

Hydrobromic acid hardly attacks the metal at all, while in 
hydriodic acid the metal dissolves readily with evolution of 
hydrogen: 

Hg+4HI-Hgl4H,+ H,. 

The proper soiveni for mercury is nitric acid. 


* Geology of the Quicksilver Deposits of the Pacific Slope. Washington, 

1888. 
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If the metal is treated with hot concentrated nitric add, mer> 
euric nitrate is formed: 

3Hg+ 8HNO,=3Hg(NO,), +411,0+ 2N0. 

If, however, cold nitric acid is allowed to act upon an excess of 
mercury in the cold, mercurous nitrate is obtained: 

nK(NO,),+ Hg=IIg,(NO.),. 

Mercury is attacked by chlorine, fotming calomel (mercurous 
chloride) : 

2Hg+C1,=Hg,Cl,. 

Two oxides of mercury are known: 

1. Yellow or re<l mercuric oxide, IlgO. 

2. Black mercurous oxide, Hg,0. 

These oxides are basic anhydrides, from which two scries of 
salts arc derived : 

(а) The mercuric salts, which contain the group irg< , and 

(б) the mercurous salts, which contain the group Hg — 

lig- 

We will consider first the more stable mercuric salts. 

Mercuric Salts. 

Mercuric salts arc mostly colorless. The iodide is red or yellow. 
By heating the red tetragonal crystals of mercuric iodide a yellow 
sublimate of orthorhombic needles is obtained, which gradually 
changes back to the red tetragonal modification; V(»ry quickly, 
almost instantly, if the yellow crystals arc rubbed. 'Fhis is a 
general property of dimorphous bodies; the more symmetrical form 
is almost always the more stable. 

The sulphide is black or red. 

Mercuric chloride is sc^lublc in water, 100 parts of water dis- 
solving at 

10® 20® 50® 80® 100® 

6.57 7.39 11.34 24.3 53.96 grams HgClj. 

In water containing hydrochloric acid, mercuric chloride is much 
more soluble than in pure water; and in fact the solubility in- 
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creases with the concentration of the hydrochloric acid, probably 
due to the formation of the complex acid (HgCl 4 )H,. 

The aqueous solution of mercuric chloride is a poor conductor 
of electricity ; it is only dissociated to a slight extent and acts quite 
differently in many cases from a solution of the nitrate, which is a 
good conductor of electricity and therefore contains a good many 
mercuric ions. The cyanide differs from the nitrate even more, 
&s we shall see. 

Mercuric bromide is difhcultly soluble in water (94 parts of 
water dissolve at 9° C. only 1 part of the bromide), but is readily 
soluble in alcohol, and still more soluble in ether. The iodide is 
more difficultly soluble. 

The halogen compounds of mercury readily form complex com- 
pounds with the halogen compounds of the alkalies, which arc very 
atable. 

Mercury compounds are furthermore characterized by the readi- 
ness with which they undergo hydrolysis, forming insoluble basic 
tuilts. Thus the sulphate is decomposed when diluted largely with 
water (particularly on warming) into a yellow insoluble basic salt: 


HgS04 

HgS 04 + 2 IL 0 - 2 ILS 04 

HgS04 


The basic sulphate dissolves readily in hydrochloric acid. 

The nitrate also is readily hydrolyzed into more or less insoluble 
basic salts according to the '‘mass action” of the water. The 
neutral salt forms with water a basic salt according to the equation 

»*<NO:+ “OB “NO.+ H8<gg, 

or 

.Hg-OH 

2Hg(NO,)-+2HOH?:tOC +3HN08. 

\Hg-NO, 



Hg-O 
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REACTIONS IN THE WET WAT. 

A solution of mercuric chloride and one of mercuric nitrate are 
used for these reactions. 

1. Potassium Hydroxide precipitates yellow mercuric oxide: 
K0U"2KC1+ 11,0+ llgO. 

[TTie hydroxides of the noble metals are exceedinmly unstable; 
they lose water, us a rule, even in miucous solution, forming the 
anhydrous oxide] 

Hg<^2;+ 2K0H = 2KN0,+ 11,0+ HgO. 


On adding a lesser amount of caustic fM^tash to a solution of 
mercuric chloride, a reddish-brown prccipitaU; of basic chloride ia 
obtained; 


or 


>C1 


/Cl 


Hg/ Hg 

\C1 KOH \ 

+ =2KG1+H,0+ O 

KOH / 

Hg< Ilg 

^ “ \C1 


< 


3HgCl,+4K0H=4Ka+2H,0+Hg,0,Gl, 


Hg 


"I 


>«* 


' The mercuric oxide and the basic salts are readily soluble in 
acids. 

2. Ammofiia produces in a solution of mercuric chloride a white 
precipitate of mercuric amidochloride: 



This compound, the so-called “infusible precipitate,*’ volatilises 
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before it melts. It is soluble in acids, and in hot ammonium chlo- 
ride, forming the ''fusible precipitate ” 


Hg~gfi+NH.a. 


NH,— €»• 


If ammonia is allowed to act upon mercuric nitrate a white 
oxyamido compound is always formed: 


HgZNO* 

_NO*+ 4NH,+ H,0 = 3NH.N0,+0< >NH,-NO,. 


3. Potassium Iodide produces a red precipitate of mercuric 
iodide, 

HgCl,+ 2KI=2KQl+HgI„ 

soluble in excess of potassium iodide, forming a colorless complex 
salt: 

HgI,+ 2KI={HgI,)K,. 


The solution of the latter salt contains no mercuric ions, for it 
gives n<\ precipitate with caustic soda or potash. The alkaline 
solution is the so-called "Nessler's reagent,'' and serves for the 
detection of very slight traces of ammonia. There is formed in 
this reaction the brown-colored body 


-I 
* ' 


which is soluble in an excess of the " Nessler’s reagent,”, with an 
intense yellow color (cf. p. 47). 

4. Alkali Carbonates precipitate from both the chloride and the 
nitrate a reddish-brown basic carbonate in the cold, 


4HgCl,+ 4Na,C0,- 8Naa+ 3C0,+ 



which gn boiling loses carbon dioxide and is changed into yellow 
mercuric oxide. 
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5. Alkali Bicarbonates produce no precipitation in a solution of 
mercuric chloride, but do cause precipitation from mercuric nitrate: 

4Hg(NO,),+ SNaHCO,- 8NaNO,+ 4H,0+ 7CO,+ HgACO,. 

6. Hydrogen Sulphide produces in solutions of mercuric salts 
a precipitate which is at first white, then yellow, brown, and finally 
black. The white precipitate is formed according to the following 
equation: 

HgIci+HV4Ha+Hg<^ 

By the further action of hydrogen sulphide, black mercuric sulphide 
is finally obtiuned: 

Hg,Cl^+H,S=2HCl+3HgS. 

Mercuric sulphide is insoluble in dilute boiling acids. Hot con* 
centrated nitric acid transforms it gradually into white Hg,S,(NO,),, 

9HgS+ 8HNO, - 2NO+ 3S+ 4H,0+ 3Hg^S,(NO,)„ 

which by long boiling is changed into the soluble nitrate. 

It dissolves readily in aqua regia, forming the chloride with 
separation of sulphur: 

3HgS+ 6Ha+ 2HNO,-3HgCl,+ 3S+ 2NO+ 4H,0. 

Mercuric sulphide is insoluble in caustic soda and potash solu- 
tions, and in ammonium sulphide, but it dis.solvcs readily in sodium 
or potastium sulphide: 

HgS+K,S-Hg(!3K),. 

By dilution with water this compound is ct)mpletely hydrolyzed 
into mercuric sulphide and pota.ssium hydroxide: 

Hg(SK),+ H,Os=r KOH+ KSH+ HgS. 

Therefore it is always necessary to dissolve the mercuric sulphide 
with considerable potassium sulphide, or with little potasrium sul- 
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phide and considerable caustic potaidi, in order to prevent this 
hydrol}^^. 

The fact that Hg(SK), is so readily hydrolyzed explains the 
formation of cinnabar in nature. In the interior of the earth the 
sulpho-compound is formed, which is brought by springs to the 
surface and there undergoes the above decomposition. 

7. Potasrium Cyanide produces iii a solution of mercuric chlo- 
ride no precipitation, because the cyanide, as well as the chloride, 
forms readily soluble complex compounds with alkali chlorides. 
The following are known: 

Hga, H-Ka =(HgCl,)K, 

HgCl, +2Ka -(HgCl,)K„ 

Hg(CN),+ Ka -(Hg(CN),a)K, 

Hg(CN),+ 2 KCI = (Hg(CN),Cl,)K„ 

Hg(CN),+ 2KCN = (Hg(CN) 4 )K,. 

In a concentrated solution of mercuric nitrate, potassium cyar 
nidc produces a precipitate of mercuric cyanide, soluble in consider- 
able water and in potassium cyanide: 

Hg(NO,),+ 2KCN - 2KNO,+ Hg(CN),. 

Mercuric cyanide is the only cyanide of the heavy metals that is 
soluble in water. It dissolves mercuric oxide perceptibly, forming 
the complex compound (HgCN),0. Mercuric cyanide is not pre- 
cipitated by alkali carbonates or by caustic alkalies, because the 
mercuric oxide is soluble in mercuric cyanide. It is not decom- 
posed by dilute sulphuric acid, although it is by the halogen acids — 
most difficultly by hydrochloric acid, and most readily by hydriodio 
acid; hydrogen sulphide decomposes it with precipitation of mer- 
curic sulphide: 

Hg(CN),+ H,S-2HCN+ HgS. 

8 . Neutral Alkali Chromates precipitate 3 rellow mercuric 
chromate from both the chloride and nitrate solutions. On long - 
standing or by b( 9 ling, the precipitate becomes red; a basic salt 
being probably formed. 

9. Alkafi Dichromates throw down a yellowish-brown pre- 
cipitate from the nitrate solution, but not from that of the, 
chloride. 
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10. Penous Stilphate reduces mercuric nitrate on boiling to 
metallic mercuiy: » 

3 Hg(N 0 ,),+ 6 FeS 0 ,- 2 Fe(N 0 ,),+ 2 Fe,(S 04 ),+ 3 Hg. 

Mercuric chloride and eyanid,' arc not reduced by ferrous sulphate. 

11. Stannous Chloride reduces mercuric salts, at first to in> 
soluble mercurous chloride (calomel), 

2HgCl,+ SnCl,- Sna^d- Hg,CI„ 
and by further action to metal, 

Hg,Cl,+SnCl,-SnCl 4 + 2 ng. 

Metallic mercury separates out in the form of a gray powder. 
By decanting the solution, and boiling the residue with dilute 
hydrochloric acid, the mercury appears in tiny globules. 

12. Copper, Zinc, and Iron precipitate mercury from solurions- 
of its salts: 

• HgOj+Fe -FeCl,+Hg,* 

HgCljd- Cu, = Cu,CI,+ Hg. 

On placing a drop of mercury solution (whether of a mercurous 
or a mercuric salt) upon a piece of bright copper-foil, a gray spot 
is formed, which, after being dried, Hornes bright as silver on 
rubbing. 


Mercurous Salts. 


The mercurous salts all contain the bivalent mercurous group- 
Hg- 

^ and are changed more or less readily into mercuric salts, 

splitting off one atom of mercury from the molecule. Mercurous 
salts contiuning oxygen, like mercuric salts, arc readily hydrolyzed 
in dilute aqueous solutions; thus the nitrate is decomposed accord- 
ing to the equation 


Hg-NO, 


ill 


g-NO, 


+HOH-HNO,-|- 


Hg-NO, 

llg-OH. 


* This reaction is employed for detecting metallic iron in the presence oC 
FeO (cf. p. M). 
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Mercurous chloride (calomel) is insoluble in water and hydro* 
chloric add, but soluble in nitric acid and aqua re^a. 


REACTIONS IN THE WET WAT. 

1. Caustic Potash precipitates black mercurous oxide; 


Hg— NO, 

+2KOH=2KNO,+ 

Hg-NO, 



+H,0. 


2. Ammonia produces a black predpitate of mercuric amido 
salt with metallic mercury: 

Hg-NO, /Hg. 

21 +4NH,+lL0=3NH,N0,+0< >NH-NO,+2Hg. 

Hg-NO, \Hg/ 


It can easily be shown that this precipitate contains metallie 
mercury by rubbing a piece of pure gold over it, when silver-lustrous 
gold amalgam will be formed. 

Mercurous chloride gives with ammonia a mercuric amine with 
separation of metallic mercury: 



By boiling the black predpitate with dilute hydrochloric add 
or with concentrated ammonium chloride solution, the mercuric 
amine goes into solution, leaving behind drops of mercury. 

3. Alkali Carbonates give, first, a yellow precipitation of the 
carbonate, which quickly become gray, owing to the formation of 
mercuric oxide, metallic mercury, and carbon dioxide: 

Hg,(NO,),-l-Na,CO,-2NaNO,+Hg,(X)„ 

and 

Hg,G0,-Hg0-|-Hg-|-00,. 

4. Ammonium Carbonate yields the same predpitate as am* 
monia. 
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5. Hydrogen Sulphide immediately throws down a black pre- 
cipitate of mercuric sulphide and mercurj' (difference from mer- 
curic salts) : 

Hg,(NO,),+ H,S-2HNO,+ HgS+Hg. 

The black precipitate docs not dissolve completely in potassium 
sulphide, the mercury remaining insoluble, but in alkali polysul- 
phidcs it dissolves. 

6. Hydrochloric Acid and Soluble Chlorides precipitate white 
mercurous chloride (calomel), 

Hg-NO, HQ Hg-Cl 

1 + -2HNO,+ I 

Hg-NO, HCl Hg-Cl 

insoluble in water and dilute acids, soluble in strong nitric acid and 
aqua rei^a. On boiling for a long time with water, calomel be- 
comes gray, owing to a partial dccomixisition into mercuric chlo- 
ride and mercury. 

On boiling with concentrated sulphuric acid, mercuric sulphate is 
formed with evolution of sulphur dioxide and hydrochloric acid: 

(o) Hg,Cl,+ H^SO, = 2HC1+ Hg,.SO,. 

(b) Hg,SO,+ 2H,SO, = 2H,0+ SO,+ 2HgSO,. 

7. Neutral Potassium Chromate precipitates red mercurous 

chromate on boiling (cf. p. 86): • 

Hg,(NO,),+ K,CrO,=2KNO,+ Hg,CrO,. 

8. Potassium Iodide precipitates green mercurous iodide, 

Hg,(NO,),+2KI=2KNO,+ Hg,l„ 

soluble in an excess of the precipitant, with the formation of mer- 
curic potassium iodide and separation of mercury: 

Hg-I 

1 +2KI-(Hgl,)K, l-Hg. 

Hg-I 

9. Potassium Cyanide precipitates metallic mercury, mercuric 
cyanide being formed at the same time: 

Hg,(NO,),+ 2KCN»=2KNO,+ Hg(CN),-|- Hg. 
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10. Stannous Chloride precipitates gray metallic mercuiy: 

Hg— NO, 

I 4- SnCL4- 2Ha * 2HNO,+ SnCl4+ 2Hg. 

Hg-NO, 

REACTIONS OF MERCURY IN THE DRY WAY. 

Almost all mercury compounds sublime on being heated in the 
closed tube. 

Mercuric chloride melts first, then vaporizes, forming a crystal- 
line deposit on the cold sides of the tube. 

Mercurous chloride sublimes; the sublimate is almost white, but 
there is a slight grayish tint owing to the decomposition of a small 
part of the substance into mercuric chloride and mercury. 

Mercuric iodide yields a yellow sublimate, which becomes red on 
being nibbed with a glass rod. 

Mercuiy compounds containing oxygen (all more or less un- 
stable) yield mercury. 

The sulphide gives a black sublimate. 

All compounds of mercury, when mixed with sodium carbonate 
and heate<i in a closed tube, yield a gray mirror, consisting of small 
globules of mercury. In order to make the drops more apparent a 
piece of filter-paper is placed over a glass rod, with which the mirror 
is rubbed. The small drops then run together into large ones, 
stick to the paper, and can be removed from the glass. 

LEAD, Pb. At. Wt. 206.9. 

Occurreruie, — Galena, PbS, isometric; cerussite, PbOO,, ortho- 
rhombic and isomorphous with aragonite, CaCO,; anglesite, PbS04, 
orthorhombic, isomorphous with anhydride, CaS04, celestite, SrS04, 
and barite, BaiS04; pyromorphite, Pb5(P04),Cl, hexagonal; mime- 
tite, Pb5(As04),Cl; vanadinite, Pb5(V04),Cl. The last three min- 
erals are isomorphous and belong to the apatite group. Other 
minerals which may be mentioned are wulfenite, PbMo04, tet- 
ragonal, isomorphous with stolzite, PbW04, and the monoclinic 
crocoite, PbCrOi- 

Lead is a bluish-gray metal of specific gravity 11.36-11.39, 
melting at 334^ C. and boiling at 1600^ C. It is attacked by all 
acids. As, however, most lead salts are difficultly soluble in water, 
it usually becomes coated with a layer of salt, which protects it 
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from further action of the acid. Thus lead is immediately at- 
tacked by dilute sulphuric acid acconling to the equation 


Pb+H^),=PbS 04 +H,. 

But, as the lead sulphate formed is insoluble in dilute sulphuric acid, 
the reaction quickly ceases. Upon this principle rests the use of 
“lead chambers ” in the manufacture of sulphuric acid, and the use 
of “ lead pans” for the concentration of the dilute '• chamIxT acitl.” 
It has, however, been found from ex|x‘rienec that the .sulphuric aciti 
should not be concentratctl too much in leatl pans — stopping when 
a 78-82 per cent, acid is obtained. 'Hie protecting layer of lead 
sulphate is soluble in hot concentrated sulphuric acid, forming 
soluble leurl bisulphatc. 


PbS 0 «+BgS 04 


SO, 




0~I1 


SO,( 


^Pb, 

/° 


so that the hot concentrated acid can act on the lead anewt 


Pb+ 3H,S04 - SO,+ 2H,0+ 


so,/ 


O— H 


0 


^Pb. 


/O 

so/ 

^O-H 


Lead behaves quite similwrly on treatment with hydrochloric add. 
On the surface a protecting coating of Icaci chloride is obtainc<l, 
which is soluble in hot concentrated hydrochloric acid, forming 
PbCl,H. Lead is therefore soluble in concentrated hydrochloric 
add: 

Pb+3HCl-Pbt:i,H+H,. 

Hydrofluoric add attacks lead similarly, forming a protecting 
layer of lead fluoride, which is insoluble in hydrofluoric add. Con- 
' sequentiy lead retorts can be used for the distillation of hydro- 
fluoric add and in the preparation of hydrofluoric acid by means 
of fluorite and sulphuric add. 
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Nitric acid is the proper solvent for lead. Lead nitrate is in- 
soluble in strong nitric acid, so that lead does not dissolve in con- 
centrated nitric acid; the solution must be sufficiently dilute to 
prevent the separation of the lead nitrate formed. 

liCad forms the following oxides: 

Lead suboxidc, Lead oxide (litharge), L6ad sesquioxide, 
Pb,0; Pb=0; Pb,0,; 

Minium (red lead). Lead peroxide, 

Pb,0«; PbO,. 

Of these oxides, PbO alone is the anhydride of a base;* from it 
the salts of lead arc derived, in which the lead is bivalent. This 
lead monoxide (litharge) is a yellow powder, which melts at about 
980° C., and solidifies on slow cooling, forming tetragonal crystals 
(needles). It is slightly soluble in water with an alkaline reaction, 
and is readily soluble in dilute nitric acid. 

Lead suboxidc, Pb,0, is formed as a black velvety powder on 
heating the oxalate to about 300° C. 


2P1)C,04= 3CO,+ CO+ Pb,0. 


On heating the suboxidc in the air, it becomes readily oxidized 
to lead monoxide. 

Lead dioxide, PbO,. must be considered as the anhydride of the 
acids: 


/OH 
ilOH 

\OH 

Orthoplumbio acid Metaplurobic acid 


/OH 
b^O , 
\OH 


just as SiOy SnO,, CO„ MnO,, arc anhydrides of silicic, stannic, 

/OH 

earbonic, and manganous acids. The acid Pbf=0 is formed by 

\OH 

the oxidation of lead hydroxide, Pb(OH),, in alkaline solution by 
means of hsrpochlorites, chlorine, bromine, hydrogen peroxide, or 
potassium persulphate: 

-OH ' 

Pb”1;5+2NaOH-l-Cl,-H-0+2NaCl-l-Pb4o . 

—cm » * 


* Although Pb(C^H,0,)« is known. 
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The brown metaplumbic acitl which separates out goea over at 
100° C. into the anhydride; and the latter on ignition loses oxygen.* 
changing into yellow lead monoxide. The other two oxides of lead, 
PbjOj and Pb^O^, must be nvrardetl as salts of the plumbic acids; 


PbjOj as the salt of metaplumbic acid: Pb^O^Pb; and Pb,0| as 


the salt of the hypothetical orthoplumbic acid: Pb 


4 > 

v'e!) 


Pb 

Pb‘ 


Pb,0, is obtained as a yellow precipitate on gently oxidizing un 
alkaline solution of lead monoxide by moans of hypochlorites, halo- 
gens, hydrogen peroxide, or persulphates: 


2PbZoH+ 2NaOH+ Cl, - 2NaCH- 3H,0+ Pb,0„ 


and the ted minium, PbjO^, by igniting lead oxide or lead car- 
bonate for some time in the air at aixmt 430° C. : 


3Pb0f0-=Pb,0,. 

Both bodies behave chemically as salts; for, on treating with 
nitric acid, brown plumbic acid and lead nitrate are formed; which 
corresponds to the action of nitric acid on, say, lea<l carlntnaU^: 

/Ov. /OH 

Pb=0 >Pb+ 2HNO,= Pb{NO,),-|- PbO 
\(y \OH 

OO^g^Pb-f. 2HNO,- Pb(NO,),+ C0<^g{{(H,0+ 00,) 

/^\pb /OH 

PJl>Z}{<v +4HN0,-Pb(N0,),+ H,0+l’b0 

\g\pb \OH 

These salt-like oxides* are completely analogous to those of 
manganese; on treatment with hydrochloric acid they yield chlo- 


* Besides the lead salts of plumbic acid, alkali and alkaline earth aalta ara 
known. 
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line, the plumbic add, at first set free, behaving like a per* 
oxide: 

PbO, -|-4Ha=2H,0-|-PbCl,-|-Cl,; 

Pb,0,+ 6Ha - 3H,0+ 2PbCl,-t- Cl,; 

Pb,04+ 8HC1 =• 4H,0+ 3PbCl,+ Cl,. 

BEACTIONS IN THE WET WAT. 

Lead salts arc difficultly soluble or insoluble in water; but all 
dissolve in dilute nitric acid, excepting, perhaps, fused lead chro- 
mate, which is very difficultly soluble. 

1. Potassium and Sodium Hydroxides precipitate white lead 
hydroxide: 

Pb<^g*+2KOH=.2KNO,-|-Pb<^g2, 
soluble in an excess of the precipitant, forming a pluinbite: * 
Pb<^o2+ 2KOH = 2H,0+ 

Pb(OH), is also slightly soluble in water, except when it contains 
carbonic acid. The aqueous solution of lead hydroxide is slightly 
^kaline. 

2. Ammonia precipitates the white hydroxide, insoluble in 
excess of the reagent. 

3. Alkali Carbonates precipitate white basic lead carbonate* 
Alkali bicarbomtea precipitate the normal carbonate. 

4. Sodium Phosphate precipitates white lead phosphate: 

3Pb(NO,),+ 4Na^HP04=2NaH3P04+ 6NaN03+ Pb,(P04)„ 

insoluble in acetic acid, readily soluble in nitric acid, caustic soda 
or potash. 

5. Potassium Cyanide precipitates white lead cyanide, insoluble 
in an excess. 

6. Hydrochloric Acid or Soluble Chlorides precipitate from 
moderately concentrated solutions flocculent, white lead chloride: 

Pb(N03)3+ 2Ha « 2HNO3+ Pbdy 

* According to Hantssch, Zeitachr. f. anoig. Ch., XXX (1902), p. 289, the 

yU 

soluticm contains the lead as Pb O . 

\OK 
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difficultly soluble in cold water (135 parte of water dissolve 1 part 
of PbCb, but much more soluble in hot water; on cooling the 
solution, lead chloride separates in the form of glistening noeciles or 
plates. Lea<l chloride is much mom soluble in concentrateil hydro- 
chloric acid and in a <.‘oncentrutc<l srdution of a chloride of an alkali 
than it is in water, as it forms complex com{>ounds with these bodies, 
which are, however, decomi3osed on dilution with water, with 
separation of lead chloride. 

7. Potassium Iodide precipitates yellow lead iodide; 

Pb(N(),),+ 2KI =2KX(),+ Phij. 

The iodide is much more insoluble in water ihan the chloride (194 
parts of boiling water dissolve only 1 pari of lead iodide), fonning 
a colorless solution fnnn which lead iodide separates* on cooling, in 
the form of gold-yellow plates. 

The iodide dissolves to a con.sidcrable extent in hydricMlic acid, 
and in a solution of an alkali iodide, forming lead hydriodic acid; 
PbljH or one of its salts (such as PbljK), all of which are decom- 
posed on dilution, with deiX)sition of lead iodide. 

8. Alkali Chromates produce a yellow precipitate of lead chro- 
mate: 

Pb(NO,) 3 + KfiTO,^2KNC\+ PbCrO* 

and 

2Pb(C3H30,)3+ K3Cr,0,+ H^O - 2KC,H,0,+ 2110,11,0,+ 2PbCr04. 

Lead chromate is insoluble in acetic acid, but soluble in nitric 
acid and in caustic alkali. 

9. Hydrogen Sulphide produces in the most dilute lead solutions 
(from slightly acid solutions, as well as from neutral or alkaline 
ones) a black precipitate of lead sulphide; 

Pb(NO,),+ H,S«2HNO,+ PbS. 

From hydrochloric acid solutions an orange-red precipitate of lead 
sulphochloride is at first obtained: 

Pb-€1 

2PbCl,+ H,S-2Ha+ ys, 

Pb^ 

which is decomposed immediately by more, hydrogen mdphida, 
forming the black lead sulphide. In this behavior it is quite similar 
to mercuric salts (see page 151). 
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Lead sulphide Is soluble in dilute?, boiling, double-normal nitric 
acid, fonning lead nitrate, with separation of sulphur; 

3PbS+ 8 HNO 3 = 3Pb(N03)3+ 4 H 3 O+ 2NO+ 3S. 

The reaction usually goes a little further; some of the sulphur 
is oxidized* to sulphuric acid, forming insoluble lead sulphate. 
The amount of sulphuric acid formed (and therefore of the lead 
sulphate also) increases with the concentration of the acid. 

Lead sulphide is also soluble in strong hydrochloric acid* 

PbS+2HCl«PbCl3+H3S. 

10. Sulphuric Acid and Soluble Sulphates cause in solutions of 
lead salts the separation of white difhcultly-soluble lead sulphate: 

Pb(N03)3+ H3S04=2HN03+ PbSO,. 




One part of the salt dissolves at the ordinary temperature in 22,800 
parts of water; in water containing a little sulphuric acid it is still 
less soluble, while in alcohol it is insoluble. Lead sulphate dis- 
solves perceptibly in nitric acid; in hot concentrated hydrochloric 
acid it is completely soluble. On cooling the hydrochloric acid 
solution, lead chloride separates out in needles. 

Lead sulphate is also soluble in concentrated sulphuric acid,, 
readily on boiling and considerably in the cold, forming acid lead 
sulphate which is decomposed by water into sulphuric acid and 
lead sulphate. Almost all the sulphuric acid of commerce con- 
tains some dissolved lead sulphate. In order to detect this^ 
200-<%0 c.c. of the concentrated acid should be diluted with an 
equal volume of water and allowed to stand twelve hours, whereby 
the lead sulphate separates as a white powder. 

Besides being soluble in acids, lead sulphate is easily soluble in 
caustic alkalies, and in solutions containing the ammonium salts 
of many organic acids. This last property is of great importance 
for the analytical chemist, as it offers a means for separating Icarl 
sulphate from barium sulphate, silica, etc., which remain undls- 
' solved. Ammonium acetate or ammonium tartrate is usually used 
as the solvent. 

^ The solution of lead sulphate by means of a concentrated solu- 
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tion of ammonium acetate takes place perhaps according to the 
following equation: 

/O— NH, 

SO, 

2PbS0,+ 2NH,C,H,0,- 

SOj 

\0— NH, ■ 

By diluting the solution with water, the reaction takes place in- 
the opposite direction, and lead sulphate is precipitaUxI; which is. 
also effected by the addition of sulphuric acid. According to- 
Kahlenberg and Schreiner (Zeitschr. f. phys. Cli. 17) leail sulphate- 
dissolves in ammonium tartrate in the presence of ammonia witlv 
the formation of 


COONH« 

1 

NH,OOC 

1 

CHOH 

1 

none 

1 

CHOH 

HOHC 

Jx)0— Pb-0— Pb-Ood 


REACTIONS IN TUB DRY WAY. 

Heated with smiium cari^onatc on charcoal, all lead compounds 
yield a malleable button, surrounded with an incrustation of tho 
yellow oxide. On the charcoal stick aLso, the malleable button i» 
readily obtained. 

Lead glasses turn black on heating in the reducing flame, owing 
to the separation of h ad. 

Bismuth, Bi. At. Wt. 208..';. 

Occurrence. — Bismuth usually occurs native with nickel and 
cobalt ores. The following ores arc of no gn;at imiRirtanw;: Bis- 
mite, Bi,0,; bismuthenite, Bi,S,; cmplectitc, Bi,S,Cu,; bi-smutito, 
3[CO,] [BiOH]-5Bi(OH),. 

Bismuth is a brittle, reddish-white metal of sp. gr. 9.8; which 
crystallizes in the hexagonal system, melts at 268® C. and vaixirizi-s 
at about 1600® C. The proper solvent for bismuth (as is the case 
with most other metals) is nitric acid. Hydrochloric acid docs not 
attack bismuth, and sulphuric acid dissolves it only on wanning. 
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Bkmuth forms two oxides: 

Bismuth trioxide and Bismuth pentoxide. 

0=Bi^ 

0=Bi^P, brown. 

Bismuth is either trivaient or pentavalent like nitrogen, phos- 
phorus, arsenic, and antimony. 

Bismuth trioxide is a basic anhydride,* from which the salts are 
derived. Bismuth pentoxide, a brownish body, acts as an acid 
anhydride, forming an acid IIBiO,, corresponding to metaphos- 
phoric acid. Salts of this acid have never been prepared in a pure 
state. On igniting, Bi,0( loses oxygen, forming yellow Bi,0,. It 
dissolves in hydrochloric acid with evolution of chlorine, forming 
a salt of trivalent bismuth: f 

Bi,0»-i- lOna = 5H,0-|- 2BiCl,+ 2C1,. 

Bismuth salts arc mostly colorless, and are all insoluble in con- 
siderable water, on account of being hydrolyzed into an insoluble 
basic salt; thus the chloride is quantitatively decomposed into 
bismuth oxychloride: 

BiCl,-!- H,0 2HC1 + Bi^, 

insoluble in tartaric acid (difference from antimony). 

Bismuth oxychloride is readily soluble in hydrochloric add, the 
above equation taking place from right to left. The reaction there- 
fore is reversible and the relative amounts of water and hydrochloric 
acid present determine in which direction the reaction will go. On 
adding water to a slightly acid solution of BiCl,, a white precipitate 
of the oxychloride appears immediately. On carefully adding 
hydrochloric acid, the precipitate again dissolves, but may be re- 
precipitated by the addition of more water. All the other com- 
pounds of bismuth act as the chloride. The nitrate yields, at first, 
an amorphous precipitate of BiONO,: 

* Ksmutk trioxide aote as a weak acid under some droumatanoea (ef. 
footnote p. 165). 


Bi^O yellow 
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which becoines more basic on further addition of watefi bcooming 
' crystalline at the same time: 

Bi^^O, 

+ HOHf:±HNO,+ 

Bi^O. 

This last compound is the bismuth subnitratc, which b so much 
used in medicine. 

REACTIONS l.N THE WKT WAV. 

1. Potassium Hydroxide precipitates, in the cold, white bis* 
muth hydroxide: 

BiCl,+ 3KOH = 3KCH- Bi(OH)„ 

which, on boiling, becomes faint yellow, because it loses water and 
forms a less hydrated hydroxide: 

Bi(OH,)=H,0+Bi^gjj. 

Both of these hydroxides are insoluble in an excess of the pre- 
cipitant,* but are readily soluble in acids. 

On adding to the alkaline solution, in which the hydroxide is 
suspended, chlorine, bromine, hypochlorites, or hydrogen jxjroxidc, 
the white or yellowish precipitate becomes brown, owing to the 
formation of bismuthic acid: 

jO yO 

BiC + 2NaOH+ 2C1 = 2NaCl+ H,0+ Bi~(). 

\OH \OI£ 

2. Ammonia precipitates a white basic salt (not the hydroxide), 
the composition of which varies with the concentration and with 
the temperature. 

3. iUkali Carbonates precipitate, according to the temperature 
and concentration, a number of basic carbonates; one of which is 
formed according to the following equation: 

2BiCl,+ .3NajOO,+ HOH = 6Naa+ CO,+ 

* In very coDoentrated KOH, Bi(OH)| dissolves on wamning. On cool* 

part of the Bi(OH), is precipitated, and on dilution all of it. In this 
case the hydroxide acts as a weak acid, like antimony trioxide. 


/OH 

Bi^ANO, 

>0 . 

Bi^ 
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4. Sodium Phosphate precipitates the white, granular phocK 
phate, insoluble in dilute nitric acid, difficultly soluble in hydro* 
chloric: 

2x\a,HPO,+ BiCl,= 3NaCl+ NaH,PO«+ BiPO^. 

5. Potassium Cyanide precipitates the white hydroxide (not 
the cyanide). The cyanide is at first formed, but is hydrolyzed: , 

(a) BiCl,+ 3KCN=3KCH-Bi(CN),. 

(5) Bi(CN),+ 3HOH=3IICN+Bi(OH),. 

6. Potassium Dichromate precipitates yellow bismuthyl di« 
chromate: 

CiO,-OK BiCl, H,0 CrO,— 0(Bi=O)t 

yo + + =4Ha*+2KCl+ 

CrO,— OK BiCl, HjO Cr0,-0(Bi=0) 

soluble in mineral acids, insoluble in caustic alkalies (difference 
from lead). 

7. Hydrogen Sulphide precipitates brown bismuth sulpiride: 

2BiCl,+ 3H,S = 6HC1+ Bi,S„ 

insoluble in cold dilute mineral acids and alkaline sulphides, soluble 
in hot dilute nitric acid, and in boiling, concentrated hydrochloric 
acid. 

8. Alkali Stannites (an alkaline solution of stannous chloride) 
cause a black precipitation of metallic bismuth.l This very sen* 
sitive reaction is performed as follows: To a few drops of stannous 
chloride, caustic alkali is added until the white precipitate at first 
produced dissolves clear, and the bismuth solution is then added in 
the cold; on shaking, a black precipitate immediately appears. 
The following reactions take place in this test: 

(a) SnCl,+ 2KOH «= 2KCI+ Sn(OH), (white precipitate). 

(ft) Sn(OH),+ 2KOH =• 2H,0+ Sn(OK), (potassium stannite). 

(c) 2BiCl,+ 6KOH-6KCl+2Bi(OH),. 

(d) 2Bi(OH),+ 3Sn(OK),- 3H,0+ 3SnO(OK),+ Bi,. 

PotMRium i«tBiinAte. 

* An excess of KjCrgO; should be employed to prevent the solvent action 
of the hydrochloric acid; the hydrochloric acid is then used up as follows: 

KgCrA + 2Ha - HgCrA + 2Ka 

t The univalent group (BiO) is called bismutbyl. 

Vanino & IVeubert, B B., 1898, p. 1113. 
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So that the whole reaction ntay be represented as follows*. 

3SnCI,+ 2BiCl,+ 18KOH - 12KCI+ 9H,0+ 3SnO(t)K),+ Bi,. 

In making this test, a too concentrated caustic alkali solution 
should be avoided ; and the Mdution must be kept cold, otherwise 
the stannite itself may give a black pmeipitato. 

* 1. If too much caustic potash is uscti, metallic tin will separate 
out: 

.0 

2Sn(OK),+ HOH - Sn^OK )- iKOH-f Sn. 

XoK 

2. If too little caustic potash is used, black stannous oxide will 
be thrown down in the cold, after long standing; quickly on boiling: 

SnZoK+ HOH = 2K()I1 + .SnO. 

9. Potassium Iodide precipitaton black bismuth iodide; 

BiCl3+3Kl-3KCl+»iI„ 

soluble in excess of the reagent, with a yc^llow to orange color: 
IMI,+ KI;=±Bil4K. 

By diluting this last solution with not U>o much water, the black 
iodide is rcprecipitatod, which, on the addition of more water, is 
changed into orangc-ailorod basic iodide: 

Bil3+H,0-2HI+Bi0I. 

10. Metallic Zinc precipitates metallic bismuth: 

2BiCl,+ 3Zn « 3ZnCl3+ Bi,. 

REACTIONS IN THE DRV WAY. 

Bismuth salts color the nonduminous flame a pale greenish 
white. Heated with smla on charcoal bt^fore the blowpipe, a brittle 
button of the metal is obtained, surrounded by a yellow incrusta- 
tion of bismuth oxide. 

On heating a compound of bismuth in the upper reducing flame 
(page 27) of the Bunsen burner, the bismuth is reduced to metal, 
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which is volatilized and bunit to oxide in the upper oxidizing flame, 
•On holding a ix)rcelain evaporating-dish (glazed on the outside and 
filled with water) just above the oxidizing flame, a barely visible 
deposit is obtained, which, on being treated with hydriodic acid,* 
is changed to scarlet bismuth hydriodic acid: 

Bi30,+ SHI - 3 H 3 O+ 2Bil4H. 

By breathing on this deposit, the color disappears, but reap- 
pears as soon as the moisture has evaporated. On exposure to 
fumes of ammonia (by blowing the vapors away from the stopper 
of an ammonia bottle) the deposit is colored a beautiful orange, 
owing to the formation of the ammonium salt of the bismuth 
hydriodic acid: 

Bil4H+NH,=BiI,(NH4), 


which also becomes invisible on being breathed upon. 

By moistening this coating with an alkaline solution of stannous 
chloride, black metallic bismuth is deposited. 


COPPER, Cu. At. Wt. 63.60. 

Occurrence. 


Native copper, 
Cu 

lionietrio 


Cuprite, Chalcocitc, Chalcopyrite, 

Cu,0 Cu^ CuFeS, 

Ifometrio Orthorhombio Tetragonal 


Malachite, Azurite, 

Cu— OH Cu— OH 


Cu— OH 

Ifoaoelinio, often paeudomorphous 
after ouprite 


)>co, 

Cu 


\(X). 
Cu— OH 


MonocHnio 


Atacamite. 

Cu — Cl 

'yo +H,o. 

Gu— OH 

Orthorhombia 


Copper is a ductile metal possessing a peculiar red color, and a 
Sp. Gr. of 8.94. It melts at about 1064° C., forming a bluish-green 
liquid. 

The proper solvent for copper is nitric acid: 

3Cu+ 8HN0,»4H,0+ 2NO-h 3Cu{NO,),. 


* The hydriodic acid is easiest obtained by moistening a piece of asbestos, 
held in the loop of a platinum wire, in a solution of alcoholio iodine aolutum 
and then setting fire to the moist asbestos. By holding the burning asbestos 
under the dish, enough hydriodic acid is formed to change the bismuth oxide 
into the rod compoui:d. 
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Bright copper is not dissolved by hydrochloric acid; but hot 
hydrobromic acid dissolves it with evolution of hydrogen, forming* 
cuprous hydrobromic acid: 

(a) Cu,-f 2 HBr=Cu,Br,+ lI,. 

(fr) Cu,Br,+ 4 nBr 5=^ Cu^BrJI^. 

At the beginning of this reaction the solution us\ially turns <lark 
violet on account of the formation of the cupric salt of cuprous 
hydrobromic acid, owing to the copper l)cing somewhat oxidized 
on the surface. In this case, however, the solution soon becomes 
colorless; the cupric salt is reduced by tlie nasetMit hydnjgiMi. On 
adding water to the clear solution cuprous bromidt' is [U(‘«*ipitaled. 

Copper is not attacker! by dilute sulphuric acirl, but it. ilissolves 
in hot concentrated sulphuric acid, forming cupric, sulphate with 
evolution of sulphur dioxide. 

The copper is at first oxidized (at the cost of riie sulphuric acid) 
to cupric oxide, and this latter dissolves in more of the acid: 

(а) Cu+n,S04»H,()+S0,+ Cu(). 

(б) Cu 0 +H,S 04 «n/)+CuS 04 . 

Copper forms two oxides: red cuprous oxide, CUjO, and black 
cupric oxide, CuO. 

Both oxides are basic anhydrides, forming cuprous and cupric 
salts. The cuprous series contains the bivalent cuprous group: 
Cu— 

J , while the cupric scries contains the simple, bivalent copper 
atom Cu<. 

A. Cuprous Compounds, 

The cuprous compounds are extremely unstable, being oxidized 
quickly to cupric compounds. The only known cuprous salts are 
those with the halogens;* these are colorless, insoluble in water, 
but readily soluble in concentrated halogen acids forming colorless 
solutions. Such solutions contain the unstable cuprous halogen 
acids, probably of the formula [CUjXJIl4, in which “X'' is either 
chlorine, bromine, or iodine. Salts arc known which arc derived 
from these acids, c.g., [CU2CIJK4. 


* CujSOi is said to exist in solution. 
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The cuprous halogen acids are changed dark on contact ivith air 
—the chloride, brownish black; the bromide, dark violet; probably 
due to the formation of cupric salts of the cuprous halogen acids. 

The behavior of the cuprous halogen acids toward carbon mon- 
oxide is very important; the latter is readily absorbed, forming an 
unstable compoimd: 

CuzOa +2CX) +2H2O ?=i Cu2Cl2*2CO •2H2O. 

By boiling the solution the compound is decomposed into 
cuprous chloride and carbon monoxide; cuprous chloride is used 
in gas analysis for the absorption of this gas. 

REACTIONS IN THE WET WAT. 

A solution of cuprous chloride in hydrochloric acid should be 
Used, which may l)c prepared as follows: Two gms. of cupric oxide 
are dissolved in 25 cc. of hydrochloric acid (Sp. Gr. 1.12); the 
solution is poured into a flask and 0.58 gram of copper filings is 
added; a copper spiral is placed in the flask, one end of which 
reaches into its neck; the flask is then stoppered and allowed to 
stand a few days. The originally dark solution will gradually be- 
come colorless, when it is ready to be used for the following reac- 
tions: / 

1. Potassium Hydroxide produces in the cold a yellow prediu- 
tate of cuprous hydn>xide: 

Cu-Cl Cu— OH 

1 +2KOH=-2Ka-t- I 

Cu— Cl Cu— OH 

which loses water at the boiling temperature, changing to red cu- 
prous oxide: 

Cu,(0H),-H,0-|-Gu,0. 

2. Hydrogen Sulphide precipitates black cuprous sulphide: 

CuA f H,S-2HC14- Cu,S, 

soluble in warm dilute nitric acid, forming blue cupric nitrate, with 
separation of sulphiu*: 

3CtvS+ 16HN0,-8H,0-|-4N0+3S+6Cu(N0,),i 
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3. Potassium C3raiiide precipitates white cuprous cyanide: 

CujCl, + 2KCN - 2KC1+ Cu,(CN)„ 

soluble in excess, forming colorless cuprous potassium cyanide: 

Cu,(CN),+6KCN?=i[Cu, (CN),]K,. 

This solution contains no cuprous ions, but ions of cuprous cyanide 
[Cu,(CN) and potassium, and gives no precipitation with potas- 
sium hydroxide or hydrogen sulphide. This property is made use 
of in the separation of copper from cadmium. 

Potassium cuprous cyanide, on being diluted with considerable 
water, forms successively the following compounds: 

[Cu,(CN)JK,. [Cu,(CN),Hp]K, 
and finally Cuj(CN),. 

All of these compoimds, even in the solid state, are decomposed 
by hydrogen sulphide with precipitation of black cuprous sulphide. 
CJonsequently, in order to prevent thepreeipitaiion of copper by hydro- 
gen atdphide, conviderable potassium cyanide must be added, more tiian 
enough to form the salt [Cu,(CN),]K,. 

B. Cupric Compounds. 

Cupric salts are either blue or green in aqueous solution; in the 
anhydrous state they are white or yellow. 

The chloride, nitrate, sulphate, and acetate are soluble in water; 
most of the remmning salts are insoluble in water, bu( readily solu- 
ble in acids. 

SEACnONS IN THE WET WAT. 

A solution of copper sulphate should be used. 

1. Potassium Hydroxide produces in the cold a blue precipitate 
of cupric hy(^xide:* 

CuS04+2K0H-K,S04+Cu(0H)„ 

which on boiling becomes changed into brownish-black cupric 
oxide. 


* CuOjHi dissolves in very concentrated KOH or NaOH, particulatly op 
wanning, with a bine color. Cf. page 133, Remark. 
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2. Ammonia. — On adding ammonia cautiously to the solution' 
of a cupric salt, a green powdery precipitate of a basic salt is ob- 
tained, which is extremely soluble in an excess of the reagent, form- 
ing an azure-blue solution: 

Cu-OH 

CUSO4 \ 

(o) +2NH40H-(NH4),S04+ SO4. 

CUSO4 / 

Cu-OH 

(b) Cu,(0H)^04+ (NH4)^04+ 6 NH,= 2[Cu (NH,)4](S04) .H,0. 

On adding alcohol to the concentrated blue solution, the above 
body is precipitated as a blue-violet ciystalline substance, which 
gradually loses ammonia on being w-armed, leaving behind the 
cupric salt. On conducting ammonia gas over an anhydrous cop- 
per salt, the ammonia is eagerly absorbed, with the formation of a 
complex cupric ammonium salt: 

CuClj-l- ONH,=.[Cu(NH,),pi,. 

These compoimds (which contfun as a maximum 6NH, to one 
atom of copper) are completely analogous to the corresponding 
compounds of nickel, cobalt, and zinc. By the precipitation of 
the ammoniacal solution with alcohol, the compotmd with 4NH, to 
one atom of copper is always obtained. 

3. Potassium Cyanide produces, at first, yellow cupric cyanide, 
which immediately loses dicyanogen, forming white cuprous cyan- 
ide. The latter, as we have already seen, forms soluble potassium 
cuprous cyanide with more potassium cyanide: 


(a) 2 CuS 04 + 4 KCN= 2 Cu(CN),-f-K^«. 


( 6 ) 


Cu< 


/CN 


\CN. 


Cu-CN 


'L 


i-CN 


(c) Cu,(CN),-|-6KCN-[Cu,(CN),lK,. . 

On adding sufiicient potassium cyanide to the blue ammoniacal 
cupric solution, the complex compoimd will be decolorized, forming 
cuprous potassium cyanide: 

2Cu(NH,)4S04.H,0-|-9KCN- 




-[Cu,(CN)J 1 NH 4 -I-NH 4 CN 0 + 2 K,S 04 + 6 NH,+H ,0 
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This apparently complicated reaction is in reality quite simple, 
when wo look at the separate steps. First, ammonia is split off, 
forming the cupric cyanide: 

2 Cu(NH 3 ) ,S04 * H 3 O+ 4KCN = 2Cu(CN)3+ 8 NH 3 + 2K^SO,+ 

The cupric cyanide then decomposes, as just stated, into cuprous 
cyanide and dic^anogen: 

2Cu(CN)3-Cu3(CN)3+ (CN),. 

The cuprous cyanide then dissolves in an excess of the potas* 
sium cyanide, forming cuprous potassium cyanide (equation (c) 
abdvc); and the dicyanogen acts upon the ammonia, forming 
ammonium cyanide and ammonium cyanate (just as chlorine acts 
upon caustic potash, forming potassium chloride and potassium 
hypochlorite) : 

2 KOH+ 2C1= KC1+ KOC1+ H^O; 

2 NH 4 OH+ 2 CN = NH 4 CN+ NH 4 CNO+ Rfi. 


4. Potassium Sulphocyanate, KCNS, produces black cupric 
sulphocyanate: 

CUSO 4 + 2 KCNS* K 3 SO 4 + Cu(CNS) 3 , 


which is gradually changed into white cuprous sulphocyanate, or 
immediately on adding sulphurous acid: 


Cu/^ 

\iCNS 


Gu< 


/ |CNS 


+ 


s> 


\CNS 


Cu-CNS 

0+H,S0,=H,S0«+2HCNS+ j 

Cu— CNS 


Cuprous sulphocyanate is insoluble in water, dilute hydro* 
chloric acid, and sulphuric acid. 

S. AlkaU XaxLthogenates produce in solutions of cupric salts, at 
first, a brownish-black precipitate of cupric xanthogenate, which 
splits off ethyl-xanthogen-disulphide, forming finally yellow cu- 
prous xanthogenate: 


yOC,H, 



\OC^, 

Cuprio xanthofioate 


Sodium smthoienato 
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C,H,0^=®* 


The reagent, sodium xanthogenate, is readily, obtained by mix- 
ing carbon disulphide with alcoholic sodium hydroxide: 


yOC 

g +C,H,ONa=C^ ' 
\SNa 




The alkali xanthogenates are not used as reagents in testing for 
copper, but cupric salts are used in testing for xanthogenates. The 
reaction is made use of in the detection of carbon disulphide in gas 
mixtures; the gases are allowed to act upon alcoholic sodium hy- 
droxide, whereby sodium xanthogenate is formed if carbon disul- 
phide is present, and the solution after neutralizing with acetic 
acid is tested for xanthogenate by means of a solution of cupric salt. 

6. Hydrogen Sulphide precipitates from neutral or very slightly 
acid solutions colloidal, black cupric sulphide; which, as part of it 
is usually in the form of hydrosol. has a tendency to run-through the 
filter. In order to prevent this, the hydrosol is changed into hydro- 
gel by the addition of considerable acid. In order to precipitate 
copper quantitatively from a solution, a large amount of dilute 
hydrochloric acid (10-20 cc. of double normal acid to 100 cc. of the 
copper solution) is added and hydrogen sulphide then passed into 
the solution: 

CuSO^-t* = HjS 04 ~|* CuS. ; 

Copper sulphide is soluble in hot dilute nitric acid, but insoluble 
in boiling dilute sulphuric acid (difference from cadmium); soluble 
in potassium cyanide, forming potassium cuprous cyanide. From 
a solution of the latter salt the copper cannot be precipitated by 
hydrogen sulphide. 

Copper sulphide is appreciably soluble in ammonium sulphide, 
but is insoluble in potassium or sodium sulphide (difference from 
mercury). 
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7. Potassium Ferrocyauide produces in neutral and acid solu- 
tions an amorphous precipitate of reddish-brown cupric fenro- 
cyanide: 

[Fe(CN)J^^+2CuSO,-[Fe(CN)J|^^+2K,SO„ 

insoluble in dilute acids, but soluble in ammonia with a blue color. 
It is also decomposed by potassium hydroxide; in the cold, light- 
blue cupric oxide and potassium ferrocyanide are formed, while, on 
warming, black cupric oxide is obtained (difference from uranium, 
which yields the yellow uranate both with ammonia and sodium 
or potassium hydroxide). 

REACTIONS IN THE DRY WAY. 

The borax, or salt of phosphorus, bead is green in the oxidation 
flame when strongly saturated with the copper salt; blue if con- 
taining only a small amount. The reducing flame decolorizes the 
bead unless too much copper is present; in such cases it is reddish 
brown and opaque, owing to the separation of copper. Traces 
of copper may be determined with certainty as follows; To the 
slightly bluish bead produced by the oxidizing flame, a trace of tin 
or of a tin compound is added; it is heated in the oxidizing flame 
until the tin has completely dissolved, when it is slowly brought 
into the reducing flame and then quickly removed. The bead now 
appears colorless when hot, but ruby-red and transparent when 
cold. If, however, the bead is kept too long in the reducing flame, 
it remains colorless; but the ruby-red color may be produced by 
cautious oxidation. This reaction is very sensitive, and can also be 
used for the detection of tin. 

Heated with charcoal before the blowpipe (or better still with 
the charcoal stick), spongy metal is obtained. 

Copper salts color the flame blue or green. 

CADMinH, Cd. At. Wt. 112.4. 

Occwrrence . — Cadmium is usually associated with zinc in its 
ores. It is also found as greenockite. CdS, hexagonal; and as a 
regular crystallizing oxide, CdO.* 


* With calamine in the zino deposite of Monte Poni. Sardinia. Ch. Ztg.f 
1901, p. 661. 
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BEACTIONS IN THE DRY WAY. 

Cadmium compounds, heated on charcoal with soda, give a 
brown incrustation of cadmium oxide. 

If a compound of cadmium oxide is reduced in the upper re- 
ducing flame of the Bunsen burner, the cadmium oxide is changed 
to metal, which volatilizes, and, in the upper oxidizing flame, goes 
back to oxide, which will be deposited as a brown coating if a 
glazed porcelain dish filled with water is held just above the flame. 
This oxide always contains some suboxide mixed with it, and has 
the property of reducing silver oxide to metal; so that if the coating 
of oxide is moistened with silver nitrate solution a black deposit of 
metallic silver will be obtained: 

Cd, 0 + 2 AgN 03 =Cd(N 0 ,) 3 +Cd 0 +Ag,. 

This reaction is very sensitive. 

If it is desired to test the precipitate produced by hydrogen sul* 
phide for cadmium in this way, the sample is first roasted in the 
oxidizing flame and then treated as just described. 

SEPARATION OF MERCURY, LEAD, COPPER, BISMUTH, 
AND CADMIUM FROM THE PREVIOUS GROUPS AND 
FROM ONE ANOTHER. 

In order to separate these metals from the previous groups, the 
solution is acidified with nitric acid ♦ (for 100 c.c. of solution, 10 to 
15 c.c. of double normal acid should be used) and saturated with 
hydrogen sulphide in the cold; then diluted with an equal volume 
of water,t again saturated with hydrogen sulphide, filtered and 
washed with water containing hydrogen tul|jhide. v 

* Nitric acid is used only when lead is present, which can always be de- 
termined by the preliminary examination; in all other eases it is far better 
to acidify with hydrochloric or sulphuric acid (cf. p. 7). The reason so 
much acid is used is to prevent the precipitation of zinc. In the presence 
of much copper and litde zinc, hydrogen sulphide precipitates all of the 
zinc as sulphide if the solution is Only slightly acid with mineral acids; if, 
however, enough acid is present, none of the zinc will be precipitated. After 
all the copper has been precipitated, the zinc will not be precipitated by 
dilution with water and treatment with more hydrogen sulphide. 

t The above mentioned dilution with water is in all cases necessary, as 
i ^ cadmium will otherwise (often) not be precipitated, and will come-down on 
adding ammonium sulpldde with the members of Group III. If the solu- 
tion is diluted as above, all the cadmium will be precipitated. 
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The piedpitate thus obtained contains mercuiy, lead, copper, 
bismuth, and cadmium as sulphides, and may be analyzed accord- 
ing to Table V, page 179. The filtrate from the hydrogen sulphide 
precipitate contains the members of the previous groups. 

The following metals are also precipitated from acid solutions 
by hydrogen sulphide, but their sulphides are sulphoanhydrides, 
and are, therefore, soluble in alkali sulphides, forming sulpho salts. 

To this group belong arsenic, antimony, tin (gold, platinum, 
tungsten, molybdenum, vanadium, selenium, and tellurium). 

ARSEHIC, As. At. Wt. 75.0. 

Occurrence . — ^Arsenic is widely distributed in nature, being' 
found in small amounts in almost all sulphides, as, for example, 
sphalerite and pyrites; therefore almost ^ the zinc and sulphuric 
acid of commerce contiun arsenic. 

Arsenic occurs native in kidney-shaped masses; also in the 
form of its oxide, AsjO,, as isometric arsenolite and orthorhombic 
claudctite, it being dimorphous. 

Mimetite, (As 04 ),Pb 5 Cl, hexagonal, isomorphous with apatite, 
pyromorphite, and vanadinite, is a well-known mineral containing 
arsenic oxide. 

The most important sources of arsenic are the sulphides, ar- 
senides, and sulpho salts: realgar, As,Sj, monoclinic; orpiment, 
As,S„ monoclinic; arsenopyrite, Fe(AsS)j, orthorhombic; niccolite, 
NiAs, hexagonal; lollingite, FcAs,, orthorhombic; . smaltite, 
(Go,Ni,Fe,)As„ isometric; and proustite, As(SAg)„ rhombohedral. 

Metallic arsenic is a steel-gray, brittle substance, with a sp. gr. 
of 6.7.3. On being heated it sublimes, giving off a' characteristic 
garlic odor. The merest trace of arsenic may be recognized by this 
odor. The molecule of arsenic contains, like phosphorus, four 
atoms, (As,). 

Arsenic is insoluble in hydrochloric acid, but readily soluble in 
nitric acid and in aqua regia. 

Dilute nitric acid dissolves arsenic, fornoing arsenious acid: 
2HNO,+ 2H,0 = 2As(OH),-l- 2NO. 

Concentrated nitric add and aqua regia dissolve it, forming arsenic 
acid: 

3As,-t- 10HNO,-h 4H,0-6As0(0H),-|- lONO. 

Arsenic belongs to the same natural group of elements as nitro- 
gen and phosphorus, and forms, as they do, two oxides. 
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Arsenic trioxide and Arsenic pcntoxide 
As=0 A XO 

> 

As=0 

which almost always act as acid anhydrides. 

A. Arsenious Compounds. 

Arsenic trioxide is formed by the combustion of arsenic in the 
air as white, glistening crystals of regular octahedrons. If the 
vapors of the trioxidc are allowed to cool slowly, they solidify to an 
amorphous glass (arsenic glass), which gradually becomes crystal- 
line (white and opaque, like porcelain). 

Arsenic trioxidc is known in three different modificfitions: 

1. Isometric arsenic trioxide, white arsenic; 

2. Monoclinic arsenic trioxide, and 

3. Amorphous, glassy arsenic trioxide. 

The monoclinic modification is difficultly soluble in water (80 
parts of cold water dissolve one part of As^Og); while the amor- 
phous, glassy modification is much more soluble (25 parts of cold 
water dissolve one part of arsenic trioxide). By treatment of the 
ordinary modification (white arsenic) with water, it is not wet by 
the latter, appearing like meal, which is very characteristic. 

The trioxide dissolves quite readily in hydrochloric acid, par- 
ticularly on warming, from which solution it often separates out, on 
cooling, in a beautiful, crystalline, anhydrous condition. 

Acting as an acid anhydride it dissolves readily in alkalies, 
fonning easily soluble arsenites (salts of arsenious acid) : 

ASgO,+ 6 NH 4 OH = 311/)+ 2 As(ONIl 4 ), ; * 

- ^ 

* The tri-metal arsenites derived from the ortho acid As^-OH are usually 

/OAg \OH 

unstable. Only the silver salt As^OAg is well known. The alkali arsenites 
are really derived from 




*-=8S 

Meta- 

arsenious acid 

> 

> 


Pyroarsenious acid 

As— OH and others 


> 

As^OH 
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a 40,+ 6K0H=3H,0+ 2As(0K),; 

As,0,+ 3Na^C0, = 3C0,+ 2As(0Na),. 

Free arsenious acid, As(OH)„ has never been isolated; as a very 
weak acid it breaks down, like carbonic acid, into water and the 
anhydride. 

Arsenic combines with chlorine directly, like phosphorus, form- 
ing the chloride, AsClj, which behaves exactly like the chloride of 
arsenious- acid, similar to PCI,. It is a colorless liquid, boiling at 
134° C.. and is decomposed quantitatively, like all acid chlorides, 
with water: 

/Cl HOH /OH 

As^H- HOH ^ 3HC1+ As^OH 
\C1 HOH \OH 

/Cl HOH /OH 

P^+HOH?:i3Ha-t- P^OH 
\C1 HOH \OH 

The aqueous solution of arsenic trichloride, and the solution of 
the trioxide in dilute hydrochloric acid, contain the arsenic as 
arsenious acid. 

As the concentration of the hydrochloric acid increases, the 
amoimt of arsenic trichloride increases, until in very concentrated 
hydrochloric acid the arsenic is present almost entirely as trichlo- 
ride. By boiling a solution of arsenic trichloride in hydrochloric 
acid, arsenic trichloride is given off as a gas. If hydrochloric acid 
is conducted into the solution at the same time (so that the con- 
centration of the hydrochloric acid is kept as large as possible), all 
the arsenic can be volatilized from the solution as arsenious chloride. 
On evaporating a hydrochloric acid solution of arsenious acid, 
arsenious chloride constantly escapes, so that all the arsenic may be 
volatilized. If, however, the arsenic is present in the form of 

With sodium and potassium, only the two following types are known: 

As~qj^ ' and A840,K,H4. 

As-fONHO, 

With ammonium, only the ammonium pyroarsenite, \0 , is known. 

As-(ONH4), 

The salts, As'^j^ and -As^qj^^, in alkaline solution behave as salts of the 
ortho arid; As(OK), and A 8 (ONa),. 
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arsenic acid, no arsenic is lost during the evaporation of the solu* 
tion. 


REACTIONS OF ARSENIOVS ACID IN THE WET WAY. 

The arsenites of the alkalies are soluble in water; the remaining 
arsenites are insoluble in water, but soluble in acids. 

1 . Hydrogen Sulphide precipitates from acid solutions yellow, 
flocculent arsenic trisulphide: 

2 As(OH),+ 3H^=6H,0+ A 8 ,S„ 

2AsCl, + 3 H 5 S= 6 HC 1 +As,S,. 

Arsenious sulphide is insoluble in acids; even quite concentrated 
boiling hydrochloric acid * (1:1) does not dissolve it. Concen* 
trated nitric acid oxidizes it to arsenic acid and sulphuric acid: 

3A8,S,+ 28HN0,-|- 4H,0 = 9H,S04+ 28NO+ 6H,As04. 

The sulphide is more soluble in ammoniacal hydrogen per- 
oxide: 


As^+ 14H,0,+ 12NH4OH=20H,O-|-3(NH,),SO4+2(NH4 ),AsO4. 


It is also dissolved by alkalies, ammonium carbonate, and alkali 
sulphides: 

yOK ySK 

Aa,S,+ 6 KOH - 3H,0+ As^OK+ A^SK 

''>OK ^SK 


/ONH 4 ySNH 4 
AaA+3(NH4),CO,-3CO,+ A8^NH4+ A8^NH4 


As^-|-3(NH4),S= 


/SNH4 

2AseSNH4 

\SNH 4 


Just as the anhydride, As,©,, can be referred to the acid, A 8 (OH)„ 
so the sulphoanhydride, AsjS,, can be referred to the sulphoarse- 
nious acid, AsCSH),, which is not capable of existence in the free 
state, but is known in the form of its salts. If one of the latter salts 


* By long heating with concentrated hydrochloric acid, it ia slowly changed 
to vidatile AsQi and 
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is acidificil, then sulphgarscnious acid is set free; but it immediately 
loses H,S, forming the insoluble sulphoanhydride: 

(o) 2As(SNH,),+ 6HCl=6NH,a+2A8(SH),; 

(h) 2As(SH),=3H,S+As^. 

On treating a mixture of sulpho- and oxyarsenites with acid, 
arsenic trisulphidc is also precipitated: 

MSnJ)! + 6HCl-6NaCH-3H,0 + As^, * 

This property of forming sulpho-salts accounts for the fact that 
hydrogen sulphide produces no precipitation from normal arsenites, 
and only a partial precipitation, as As,S„ from mono- aind dimet- 
allic salts: 

As(OK),-|- 3H^?:i3H,0-|- A8(SK), ; 

6AsO,HK,-|- 15H,S= 18H,0-|- A8,S,-|-4 As(SK),; 

6AsO,H,K+ 12H^=18H,0-|-2Ais,-|-2As(SK),. 

Consequently, in order to precipitate arsenic completely as tri- 
sulphide, it is always necessary that the solution should contain 
enough free acid to prevent the formation of soluble sulpho-salts. 

2. ^ver Nitrate produces in neutral solutions of arsenites a 
yellow precipitate of silver orthoarsenite (difference from arsenic 
acid) : 

As(OK),-|- 3AgNO,= 3KNO,-l- As(OAg)„ 
soluble in nitric acid and ammonia: 

As(OAg),+ 3HNO, = 3AgNO,+ As(OH),; 

As(OAg),-h 3NH,- As(ONH,Ag),. 

The normal (ortho) arsenites are unknown in the solid state; 
only the meta- and pyroarsenites have been isolated (cf. page 181, 
foot-note), which behave in aqueous solutions as acid salts of the 
ortho-acid. Consequently, silver nitrate produces only an incom- 
plete preciptiation in aqueous solutions of the mono- and dimetallfo 
nsalts: 

/OH 

3AB^H-|-3AgNO,-3KNOi-|-2As(OH),-hAs(OAg),. 

\OK 

* The precipitation is quantitative only when the solution is dilute; from 
a concentrated solution escapes, so that more must be conducted 

into the solution in order to precipitate all the arsenic. 
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In order to make the precipitation quantitative, an alkali (pref- 
erably ammonia) must ^ added. As, however, the solution al- 
ready reacts alkaline, it is difficult to reach the exact neutral point. 
Usually too much alkali is added. It is, therefore, more practicable 
(if it is desired to make the precipitation quantitative) to add the 
ammonia to the silver nitrate until the precipitate of silver oxide just 
dissolves; but as a rule this is unnecessary, as it is only needful to. 
observe the color of the precipitate in order to determine whether 
an arsenite or arsenate is present. If. however, the arsenite solu- 
tion is made weakly acid with nitric acid,* and the silver nitrate 
solution (which has been treated with ammonia) is then added, the 
arsenite will be, practically, completely precipitated, even if an 
excess of the reagent is employed: 

/OH AgNH3N03 

As^OH+ AgNH3N03 « 3NH4NO3+ As(OAg)3. 

\OH AgNH,NO, 

In case the solution to be tested contains also a chloride, it 
should be acidified with nitric acid and the chloride precipitated as 
silver chloride by an excess of silver nitrate, and filtered off. To 
the filtrate, dilute ammonia should be cautiously added. At the 
neutral zone formed' by the anunonia above the acid solution, a 
yellow precipitate of silver arsenite will appear. This reaction is 
very sensitive. 

3. Magnesium Ammonium Chloride produces no precipitation 
in dilute arsenite solutions in the presence of ammonia (difference 
from arsenic acid). 

4. Iodine Solution is decolorized by arsenious acid, the latter 
being oxidized to arsenic acid; the reaction docs not take place 
quantitatively in acid solution: 

/OH 

As^H+NaHCO,+ I,-Nal+ KI+CO,+ AsO(OHV 

\OK 

* As otherwise the solution will be alkaline, dissolving a part of the silver 
arsenite; 

A8^H+3AgNH.N0,+H,0-2NH,N0,+KN(^+41!H,0H+As(0At^,. 

\OK 
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The solution must be neutralized with sodium bicarbonate and 
not with normal sodium hydroxide, because the latter also decolor* 
izes iodine: 

6NaOH+ 31, - 5NaI+ NaIO,-|- 3H,6. 

5. Stannous Chloride (Bettendorff’s Test).— On adding to con- 
centrated hydrochloric acid a few drops of an arsenite solution, and 
tiicn ^ c.c. of a saturated solution of stannous chloride in hydro- 
chloric acid, the solution quickly becomes brown and then black, 
owing to the deposition of metallic arsenic. The reaction takes 
place more readily on warming, but a dilute aqueous solution will 
not pve the reaction. In concentrated hydrochloric acid, however, 
the arsenic is all present as trichloride, and this is reduced by the 
stannous chloride, while arsenious acid is not : 

2AsCl,+ 3SnCl, = SSnCU-f As,. 

B. Compounds of Arsenic Pentozide. 

Arsenic pentoxide, which may be obtained by heating arsenic 
acid, is a white, fusible substance, and is changed by strong ignition 
into arsenic trioxide: 

As,0,=A8,0,-|-0,. 

Arsenic pentoxide is quite soluble in water, forming arsenic acid: 

As,0,+3H,0=2As^®\ 

Arsenic acid itself nuty be obttuned in the solid state in the 
form of orthorhombic prisms corresponding to the formula 
2 As 0(0H),+ H20. At 100° C. water escapes, orthoarsenio add, 
AsO(OH)„ being left behind as a crystalline powder. 

By gentle ignition more water is ^ven off, forming pyroarsenio 
acid, AsjO;!!,, which on further ignition is changed to metarsenic 
acid, AsO,H. In this respect arsenic acid acts exactly like phos- 
phoric arid. Both the pyro- and the meta-acids readily take on 
water, arid are changed back to the ortho add. 

The salts of arsenic acid are called arseniates. 
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Ab vith orthophosphoric acid, mono-, di-, and trimetallio salts 
are known: 


As' 


<.ONa 

\OH 



and 


As 


.^ONa 


^ONa- 
^ONa 


The arseniates of the alkalies are soluble in water; the others 
are insoluble in water but easily soluble in acids. 


REACTIONS IN THE WET WAY. 

l‘. Hydrogen Sulphide. — If hydrogen sulphide is conducted into 
a cold, fairly acid solution of arsenic acid, the liquid remains clear 
for a long time; it gradually becomes turbid, the arsenic acid being 
reduced to arsenious acid with deposition of sulphur, and the arse- 
nious acid is then quickly precipitated as trisulphide: 

1. As 04 H,+H,S=H, 0 +S-|-H^ 0 ,. 

2. 2H>0,+3H,S=6H,0+As,S,. 

If hydrogen sulphide is passed into the same solution after it has 
been heated, the reduction takes place more rapidly and the arse- 
nious sulphide, therefore, is more readily formed. 

In the presence of considerable hydrochloric add, and by pasnng 
hydrogen sulphide rapidly into the cold solution, all the arsenic is 
precipitated as arsenic pentasulphide: 

2H,AsO«+ 5H^ = 8H,0+ As^,. 

If a fairly concentrated hydrochloric acid solution is treated 
while hot with hydrogen sulphide, a mixture of tri- and penta- 
aulphidcs is obtiuned. 

This peculiar behavior may be explained by assuming that the 
solution in concentrated hydrochloric acid contains the arsenic as 
pentachloride,* which is not reduced readily by hydrogen sulphide, 
so that arsenic pentasulphide is precipitated; while on addition of 
water the pentachloride is changed to arsenic acid, which is re- 

* Arsenic pentachloride has never been isoiated; but it is possible that it 
can exist only in hydrochloric acid solution. The reaction would then be 
2A8C1, + 6H,S - AsA + iOHCL 
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duced by hydrogen sulphide to arsenious acid before it is predjd- 
tated. 

In order to precipitate the arsenic quickly by hydrogen sulphide 
from a solution of arsenic acid, or an arseniate, without employing 
considerable hydrochloric acid, it is only necessary to reduce the 
arsenic acid, in the first place, by boiling with sulphurous acid; boil 
' off the excess of the latter, and then conduct hydrogen sulphide into 
‘ the solution, whereby an immediate precipitation of arsenious sul* 
phide takes place. 

Arsenic pentasulphide, like the trisulphide, b insoluble in boiling 
concentrated hydrochloric acid, but readily soluble in alkalies^ 
ammonium carbonate, and alkidi sulphides: 

/S /S 

As^(-{* 6NaOH™3HjO+ A8=(SNa)|+ As=:(ONa),; 

/S /S 

A^+3(NH«),CO,-3CO,+A^SNH0,+Aie(ONH0b; 

/S 

As^+3(NH«),S=2A^SNH,V 

By acidifying these solutions, arsenic pentasulphide is r^i»> 
dpitated: 


2A8S(SNH,),+6Ha-6NH«a+3H,S+As,S,; 

A8S(SNH4),+AsS(0NH,),+6m-6NH4a+3H,0+Aa^,. 

Arsenic pentasulphide is oxidized by fuming nitric add to 
sulphuric and arsenic adds; also by solution in ammoniacal hydro- 
gen peroxide: 

A^,+20H,0,+ 16NH40H-28H,0+6(NH.),SO«+2(NH4)^04. 

2. Silver mtrate precipitates from neutral solutions chocolate- 
brown diver arseniate (difference from arsenious and phosphorio 
adds); 

AsO(ONa),+ 3AgNO,-3NaNO,+ AsO(OAg)^ 


soluble in adds and in ammonia. 
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3. Magnesium Chloride preripitates, in the presence of ammonia 
and ammonium chloride, a white, crystalline precipitate of magne* 
mum ammonium arseniate: 


As04Na,H+MgCi,4 NH,< 


/) 

.2NaCl+AsZ§>Mg. 

\0NH4 


This precipitate is insoluble in ammonia water, and is, therefore, 
used for the quantitative determination of arsenic. By ignition it 
is changed into magnesium pyroarseniate: 


2A804MgNH4- H,0+ 2NH,+ Mg^O,. 

4. Ammonium Molybdate in considerable excess preripitates, 
in a boiling nitric acid solution, yellow crystalline ammonium 
arsenomolybdate : 

H,As04+ 12(NH4)^o04+ 21HNO,- 
-12H,0+21NH4N0,+ (NH 4 ),As 04 - 12MoO,. 

« ^ > 

Arsenic acid, Uke phosphoric acid, forms with molybdic add 
a tribadc complex salt, the arsenomolybdic acid, of the structure 


/(MoO,) 4-OH 
. 0=A8e(MoO,)4— OH. 

\(MoO,)4-OH 

This tribamo acid is soluble in nitric acid, but the ammonium 
and potassium salts are insoluble. 

The solution of ammonium molybdate for use as a reagent may 
be prepared as follows: 150 grams of commercial ammonium 
molybdate, [(NH4),Mo,0,4+4H,0], are dissolved in a liter of dis- 
tilled water and poured into a liter of nitric acid (sp. gr. 1.2). At 
' first white molybdic acid will be precipitated, but this dissolves 
finally in the nitric acid, forming a clear solution. 

If arsenic acid is added to this solution, the soluble arseno- 
molybdic acid is first formed, which immediately reacts with the 
ammonium nitrate present (formed from the ammonium molyb- 
date and nitric acid), producing the insoluble ammonium salt of 
the arseno-molybdic acid. 
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But this ammonium salt is soluble in a solution containing an 
alkali aTseniate, forming complex acids containing more arsenic in 
the molecule^ whose ammonium salts are soluble in nitric acid. 
Consequently a large excess of ammonium molybdate should be 
used if it is desired to precipitate arsenic acid.* 

The ammonium salt of arseno-molybdic acid is also readily 
soluble in alkalies and in ammonia: 

(NH 4 ),As 04 - 12MoO,+24NH40H= 

= 12H,0+ 12(NH4),Mo04+ (NH4),As04, 

from which solution arsenic acid may be precipitated as white 
crystalline magnesium ammonium arseniate. 

As we shall see later, phosphoric acid behaves in exactly the 
same way towards magnesium salts and ammonium molybdate. 
If, therefore, phosphoric acid and arsenic acid are both present, it 
is necessary to precipitate first the arsenic with hydrogen sulphide, 
filter, and oxidize the precipitated arsenic sulphide to arsenic acid 
with fuming nitric acid. In such a solution a precipitate produced 
by means of ammonium molybdate or magnesium chloride must 
be caused by arsenic acid. In the same way a precipitate pro- 
duced in the pirate from the hydrogen sulphide precipitate must 
be caused by phosphoric acid. 

C. Reactions which may be obfidned with either Arsenious or 
A^nic Compounds. 

1. The Berzelius-Marsh Test for Arsenic.' — All compounds 
containing arsenic may be reduced, in acid solution, by means of 
nascent hydrogen to arsine, AsH,: 

As,0, + 6H, - 3H,0+2AsH,; 

As,0,+8H, -5 HjO+2A8H,; 

As^ +6H, =311,8 +2AsH.. 

The sulphides are reduced very slowly, but the oxides are 
reduced quickly even at ordinary temperatures. To produce 
nascent hydrogen, zinc and sulphuric acid are used. 

The addition of. a ccncentrated ammonium nitrate solution inereasea 
the sensitiveness of this reaction. 
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Tliis very poisonous arsine possesses a property 'which enables 
us to detect with certainty the merest trace of arsenic — as little as 
0.0007 milligram As. By conducting the gas through a heated 
glass tube filled with hydrogen, it is decomposed into hydrogen and 
metallic arsenic; and the latter is deposited as a brownish-black 
mirror on the sides of the glass tube, just beyond the place where it 
was heated. 

This test is extremely sensitive, and must be made with great 
precaution, as almost all reagents, especially commercial zinc and 
sulphuric acid, arc likely to contain traces of arsenic. In case these 
are used without previous testing, arsenic is likely to be found even 
^although it may not have been present in the substance itself. 

The Marsh test is particularly useful for detecting the presence 
of very small amounts of arsenic which could not be found by any 
of the previously-mentioned reactions. In cases of poisoning, and 
for detecting the presence of arsenic in wall-papers, this test, or a 
modification of it, is always used; we will, therefore, discuss it in 
detuL 


Formation and Properties of Arsine. 

(a) Formofton.— Arseniuretted hydrogen, or arsine, is produced, 
as above mentioned, by the reduction of compounds containing 
arsenic by means of nascent hydrogen. For developing the latter 
pure zinc and pure sulphuric acid should be used. If other metals 
and other acids are used (e.g., zinc and hydrochloric acid, iron and 
sulphuric acid), the arsenic compound will be reduced; but if iron is 
used, a part of the arsenic is ch&nged to solid As^H,, which remains 
in the flask and consequently escapes detection. If zinc and hydro* 
chloric acid are used, a high temperature is necessary in order to 
accomplish the reduction; while with zinc and sulphuric acid the 
reaction takes place readily at the ordinary temperature. Ghemi* 
cally-pure zinc dissolves with difficulty in chemically-pure sul- 
phuric acid, so that it is customary to accelerate the reaction by 
adding a little piece of platinum (or a drop of hydrochlorplatinic 
acid), which makes a galvanic element, and the solution of the zinc 
takes place much more rapidly. This, however, is not permissible, 
for arrine produced in fbis way always contiuns some soUd arseniu* 
retted hydrogen (Benutein, 1870). 
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Aisenic, arsenioua' oxide, arsenic pentoxide, and arsenic trisul- 
phide are readily reduced in alkaline solution by sodium amalgam, 
aluminium, or Devarda’s alloy and caustic potash, forming arsine. 
The reduction takes place quickly, and the arsine may be detected 
by the Gutzeit reaction. The presence of organic matter in solu-* 
tion prevents the reaction, and must therefore be previoxisly oxi- 
dized with nitric and sulphuric acids. 

Arsine is also obtained by dissolving many arsenides in hydro* 
chloric or sulphuric acid: 

Zn,As,+ 6Ha=- 3ZnCl,-|- 2AsH,. 

The arsenides of iron are attacked by acids only with difficulty, 
except when an excess of iron is present, when, with the help of the 
nascent hydrogen, they are decomposed, forming solid and gaseous 
arseniuretted hydrogen. Consequently iron sulphide containing 
arsenic, on treatment with acids, alwa 3 rs yields hydrogen sulphide 
contaminated with arsine.* 

(b) Prop&rliea . — ^Arsine is a colorless, unpleasant-smelling, ex- 
tremely-poisonous gas, which, on being heated away from the air, 
is decomposed into arsenic and hydrogen: 

2AsH,>-As,+3]^. 

• • 

By heating in the air, it is oxidized to water and arsenic trioxide. 
Solid iodine changes it to arsenioua iodide and hydriodic add: 

AsH,+3I,=AsI,+.3HL ' 

This reaction takes place on conducting ardne over solid iodine. 
Thia properly serves lo free hydrogen sidphide from arsine, as hydro- 
gen sulphide does not act upon solid iodine, but only upon aqueous 
iodine solutions. Arsine is not attacked by hydrogen sulphide at 
ordinary temperatures, but at 230° C. sulpUde of arsenic and 
^ydrogen are formed. 

* Arsine is a strong redudng agent; silver salts are reduced to 
metal (see page 197). ^ . 

* CeiiiUn microbes, namely, PeniciUium brevieaule, when provided with 
nutriment containing only traces of arsenic, have the power of forming vola- 
tile arsenic compounds of a garlic odor, and this inay be used as an extremely . 
sensitive test for arsenic. fChem. OentralbL, 1^, I. p. 1246.) 
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Dictions for Performing the Berzelius-Harsh Test. 

The apparatus devised by G. Lockemann,* shown in Fig. 11, 
may be used to advantage. 

In the flask K, of 100 to 150 c.c. capacity, three or four grams 
of zinc t alloyed with copper are placed with about 20 c.c. of sul- 
phuric acid free from arsenic (1 vol. cone. H 2 >S ()4 diluted with 8 
vols. of water). A steady stream of hydrogen is at once evolved, 
and in twenty minutes the air will be entirely driven out of the 
apparatus. When the gas escaping at b is found to be pure (by 
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collecting a little in a small tube and lighting it) the hydrogen is 
lighted at h. The flame will be about two or three millimeters high 
and should remain so during the whole of the experiment; if it 
becomes higher the solution in K is cooled by placing the flask 
in cold water, and, conversely, when the flame is too low a little 
sulphuric acid is added, or the flask is placed in warm water. 

First of all the reagents, zinc and sulphuric acid, are tested to 
.see that they are free from arsenic. The hard-glass tube is heated 
at*B just before the restriction in the tube, which is 5 mm. long and 
1 .5-2 mm. wide. If at the end of twenty minutes there is no arsenic 
mirror formed in this capillary, the reagents are free from arsenic. 

'* Melt 20 grains of zinc (free from anenic) with a trace of pure copper’ 
and pour the fusion into cold water. 

t Zeit. f. angew. Cb., 1005, pp. 427 and 491. 
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The sulphuric acid solution to be tested for arsenic, and which 
must be free from organic substances, sulphides, chlorides, nitrates, 
or other oxidizing agent, is then placed in the graduated funnel T, 
and is added little by little to the flask K without in any way inter- 
rupting the current of hydrogen. Just before adding the solution 
to the flask, the two burners at A are lighted and the glass tube 
thereby heated to dull redness. The gas as it escapes from the 
flask K passes through the drying-tube C containing crystallized 
calcium chloride, and then passes into the tube A, where any 
arsine is quantitatively decomposed into arsenic and hydrogen. 
The arsenic is deposited on the cold walls of the capillary. The 
end of the capillary is cooled in order to form a sharply defined 
mirror by winding around it a piece of rubber tubing, as shown in 
Fig. 11, and allowing water to drop upon it from the dish W during 
the experiment. 

All of the areenic, unless the amount present was unusually 
large, will be deposited at the end of 25 minutes, and by comparing 
the mirror with a series of standards the amount can be estimated 
accurately (see page 197). 

Remark . — If the tube A is not heated at all, but the gas ignited 
at b as above described, the arsenic may be deposited upon a cold 

porcelain dish by holding 
the dish in the flame. The 
deposit is readily soluble in 
sodium hypochlorite solu- 
tion (difference from anti- 
mony). In this form the test was used 
by James Marsh in 1836. 

Confirmatory Test . — In the small glass 
tube open at both ends (see Fig. 12) is 
found the arsenic rnirror. The tube is 
held in an inclined position and heated 
by means of a small flattie, whereby the 
arsenic is changed to arsenic trioxide, giving off the characteristic 
garlic odor, which can be detected at the upper end of the tube if 
only of a milligram of arsenic trioxide is formed. After the 
tube is cooled, the arsenic trioxide is to be foimd at a in the 
of small glistening octahedrons, which can be seen .with the 
Ufying-glass or often with the naked eye. 



Fro. 12. 
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These three facts— formation of the mirror, the garlic odor, and 
the octahedrons— suffice to make us sure of the presence of ar* 
senic; but the more proofs we have, the more certain \vc arc of the 
accuracy of the result. If the octahedrons have been recognized, 
the capillary end of the tube is sealed with a flame, and 1-2 drops of 
pure concentrated hydrochloric acid are introduced into the tube 
with the help of a dropper, and the tube is moved so that the 
arsenic trioxide is moistened by the acid; 6-10 drops of distilled 
water are added and hydrogen sulphide is conducted into the tube, 
whereby yellow arsenious sulphide, is formed. 

The hydrogen sulphide in this case is generated from a so^utioa 
of sodium sulphide by adding a little sulphuric acid, as illustrated 
in Fig. 13. The upper part of the 
test-tube contains a wad of cotton 
wool, which prevents any of the 
solution in the tube from being 
mechanically carried over into the 
tube containing the arsenic. 

After this confirmatory test 
has been performed, the tube is 
washed, first with water, then 
with ammonia, and finally with 
water agtun; it is carefully dried 
by drawing warm air through the 
tube; and weighed after it has 
cooled. 

. As an example of the practical 
application of this delicate test, 
we will describe the method to be 
employed in the detection of ar- 
senic in wall-papers, etc. Many 
wall-papers contain small amounts 
of arsenic, and it is desired to 
know how much is present iil a 
definite area of the paper, say a 
square meter. The amount of arsenic contuned in wall-papers is 
usually so small that weighing the minor produced would not be 
accurate. It is best, therefore, to prepare a number of minors from 




196 


REACTIONS OF THE METALS. 


known amounts of arsenic, to establish a scale for determining how 
much is contained in the given wall>paper or fabric."^ 

We must first extract the arsenic without loss from the paper. 
To do this, a square decimeter of the paper is cut into small pieces, 
placed in a glazed porcelmn dish, and 1-5 c.c. of concentrated sul> 
phiiiic acid, to which about of its volume of concentrated nitric 
acid has been added, is poured upon it. The paper is thoroughly 
soaked. with acid (being stirred into it by a thick glass rod), so that 
the paper or cloth finally absorbs the whole amount. The dish is 
then heated over a small flame 'until its contents become charred and 
crumjjly. Sulphuric acid fumes are given off thickly by this time. 
After cooling, about 6 c.c. of water are added, the charred mass is 
thoroughly stirred, the liquid is boiled to expel any sulphurous acid 
which may have been formed, and filtered hot by the aid of suction. 
A weighed tube of 25-30 c.c. capacity, having a side arm attach- 
ment, can be used to advantage for receiving the filtrate. The 
residue is washed on the filter (by successive applications of small 
amounts of hot water) imtil the glass is nearly full, when it is agmn 
weighed. By deducting the weight of the empty vessel, the weight 
of the liquid is obtained. During this operation, the Marsh appara- 
tus. should be made ready for the test. 

A few drops of the well-mixed solution are now added Jbhrough 
T to the reduction fljek B. If no mirror appears within three or 
four minutes, i-i of the filtrate is added little by little; and if no 
mirror appears after five minutes, the whole filtrate. The whole fil- 
trate is not added |t once, because if too strong a mirror is obtained, 
it is much more difficult to estimate the amount of arsenic present. 
After twenty-five minutes all the arsenic will be deposited if not 
more than 0.05 milligrams of arsenic are in solution. If a mirror of 
sufficient amount was obtained in fifteen minutes from only a frac- 
tion of the whole solution, no more should be added, but the opera- 
tion should be continued for ten minutes, more, the flame extin- 
guished, and the tube allowed to cool while hydrogen continues to 
pass through it. The mirror is then compared with the scale, and 
the remaining part of the filtrate is weighed in order to determine 
how much was used for the test. 

If suffldient material is at hand, a duplicate experiment should 

. : Sanger, Amer. .\oad. of Arts and Sciences, XXVI, p. 24. 
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be made with a new tube and a new sample. The results of a few 
such determinations are given in the following table: 


Cm,* of 
Paper used. 

WelRhtof 

Extract. 

Wt. of Extract 
taken. 

Weiffht of 
Mirror. 

Total Welfcht 
of AS|0| in 
Extract. 

Mfr. Aa^i 
perm.* 

100 

31.63 

31.63 

0 

0 

0 

100 

30.11 

10.23 

0.015 


4.4 



9.87 

0.013 


3.09 

100 

28.72 

8.32 

, 0.045 


15.6 



7.53 

0.042 

0.163 

16.3 

60 

30.22 

2.64 

0.015 

0.172 

34.4 

1 


3.22 

0.020 

0.187 

37.4 


The comparison of the mirrors is best made in transmitted light. 
The normal mirrors are prepared as follows: 1 gram of pure sublimed 
arsenic trioxide is dissolved in a little sodium carbonate solution, 
acidified with dilute sulphuric acid, and diluted to a liter. Ten c.c. 
of this solution, of which 1 c.c. contains 1 milligram of AsjO,, are 
agun diluted to a liter, so that a solution is now obtained of which 
1 c.c. contains 0.01 mg. of As,0,. One c.c., 2 c.c., 3 c.c., 4 c.c., and 
5 c.c. are taken from the solution and introduced separately into the 
Marsh apparatus, and the corresponding mirrors are obtained in 
different tubes. Two tubes arc made from each amount of arse* 
nic, as the mirrors are not always the same. These mirrors may 
be kept inth^ dark for some time; but on exposure to the light 
they fade perceptibly. Mirrors which are scaled up with hydrogen 
do not keep so well. 

2. The Gutzeit Test for Arsenic depends upon the behavior of 
aiseniuretted hydrogen towards a concentrated solution of silver 
nitrate (1 : 1) (according to Eidenbenz, a crystal of solid silver 
nitrate should be used). The silver nitrate is at first colored yellow 
and then black, the following reaction taking place: 

1. 6AgNO,+AsH,-»AsAg,>3AgNO,+3HNO,. 

' . 

Yellow. 

2. AaAft*3AgNO,+3HOH-A8(OH),+3HNO,+eAg. 
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The test is carried out as follo'ws: A small amount of the sub* 
;,-^,A« NOi stance, is put in a small test-tube, Fig. 14, a 
Z' \p»per grains of zinc and a little dilute sulphuric 
^1^ acid arc added, and a wad of cotton is placed 

Cotton near the top of the tube as a filter. Over the 
mouth of the tube a piece of filter-paper is 
placed, with a crystal of silver nitrate on top. 

If arsenic is present, the rilver nitrate is 
at first turned yellow, but it becomes black 
very quickly. 

Tl^ reaction is often used for quickly 

W testing commercial acid for arsenic, but it is 

not so reliable as the Bettendorff test (page 
186), because phosphine * and stibine give a 
mmilar reaction with silver nitrate, while they 
Fro- 14. not reduced by stannous chloride. 

If arsine is allowed to act upon a dilute solution of silver nitrate, 
the yellow compound AsA^’SAgNO, is not formed, for it is imme- 
diately decomposed hydrolytically, according to equation (2), 
page 197, the reaction going quantitatively if the nitric acid formed 
is neutralized by ammonia. 

If tile precipitate silver is filtered off, and ammonia then poured 
' on top of the filtrate, the neutral zone will appear yellow owing to 
the formation of silver arsenite. 

3. The Reinsch Test is very ea^ to make, but not so senritive 
As those just mentione. 

If a strip of polishe copper foil is adde to a solution of arse- 
nious acid, the copper is colored gray owing to the deporition of 
the arsenic on the copper, -fonning copper arsenide of the formula 
As^Cu,. 

From concentrated solutions the arsenic separates out in the 
cold, but from dilute solutions only on wanning. If conriderable 
arsenic is present, the gray copper arsenide drops off from the 
cqiper. 

Antimony is also precipitated on copper from its solutions, so 
that the deporit must be tested for arsenic in the dry way. Azsraie 
Add is also reduced by copper, but only on waimi^. 


^jpqpunetoial duo often oontaias a omall quantity phosphonio. 
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The Beinseh test is often used in testing wail-papen for arsenic. 
The pieces of paper are treated with a little hydrochloric acid 
(1 : 2), a piece of copper foil added, and warmed. A gray deposit 
*on the copper indicates the presence of arsenic. 

REACTIONS IN THE DRY WAY. 

Metallic arsenic bums, ^ving off a garlic odor. Mixed with 
sodium carbonate and heated on charcoal, all arsenic compoimds 
give this odor. 

Oxygen compounds of arsenic are easily reduced to metal in the 
upper reducing flame. On holding a porcelain dish (glazed on the 
outside), filled with water, directly over the sample, the metallic' 
vapors are condensed on the dish, forming a brownish-black coating 
which is soluble in sodium hypochlorite solution, disappearing in* 
stantly, the arsenie being oxidized to arsenic acid: 

Asj-t- 6NaOa+ 3H,0 - SNaQ-t- 2H,A.sO«. 

If the porcelain dish is not held closely above the reducing flame, 
but above the upper oxidizing flame, the arsenic vapors arc burned 
with a bluish flame to white arsenious oxide which deposits on the 
dish. 

If this deposit is moistened with silver nitrate, and ammonia 
vapors blown upon it, a yellow coloration due to A^^AsO, is formed, 
which disappears if more anunonia is allowed to act upon it (differr 
ence from antimony): 

As,0,+ 6AgNO,-|- 3H,0 = 2Ag,AsO,+ 6HNO,. 

The *ttiTnnnift serves to neutralize the nitric acid formed by the 
. reaction, but the precipitate dissolves in excess of ammonia as well 
as in nitric acid. 


AVTDlOinr, Sb. At. Wt. 120.2. 

. Occurrence . — ^Antimony seldom occurs free in nature, althou^ 
large amounts of the metal have been found recently in Australia. 
The most important compounds containing antimony are (as with 
arsenic) the sulphur compounds. Stibnite, Sb^, orthorhombic, is 
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found in Japan in beautiful crystids. The occuiienoe of kennadte, 

, is veiy interesting, as this compound is often met udth in, 

i 

analytis. 

Of the oxygen compounds the dimorphous antimony tiioxide is 
known as isometric senarmontite and orthorhombic valentinite. 
Antimony also occurs in many sulpho salts, of which the tiibasic 
silver sulphoantimonate, or pyrargyrite, Sb(SAg)„ may be men* 
tioiied. 

Antimony is a tilvcr-white, brittle metal, of sp. gr. 6.7-6.8. It 
mdts at 630** G., and distils in a stream of hydrogen at about 1350° 
C. It bums readily in the air to antimony trioxide. The solvent 
for antimony is aqua regia, by which it is converted into chloride. 
Nitric acid attacks antimony, changing it into Sb,0, and Sb^O|, 
which dissolve slightly in concentrated add, but are insoluble in 
dilute add. 

Antimony forms three oxides: 



Sb^ 0=Sb^0 

yO and SbwOf, 
Sl^ 0=S1^0 

Antimony trioxido Antimony pentozido Antimony tetrozide 


of which the latter may be regarded as antimonyl antimonate, 

7 =0 • and is a very indifferent substance chemically. An- 

-0(Sb0) 

timony trioxide as a rule shows bade properties, while antimony 
pentmdde has more the character of an add anh 3 rdtide. 


A. Compounds of Antimony Triozide. 

By bumbg the metal in the air, the tiioxide is obtained, tdiioh 
on stronger igniti<m in the presence of air is changed to the inert 
Sb^ 04 . 

The trioxide is ^dasolved by concentrated hydrochlorio add/ 
forming antimony trichloride, a compound whidi (like Uamutir 
ehloride) is readily changed into a bade salt the aetimi ^ vmtff, 
the decomp^^on di ^ch d^ends upim ^ ■- maasea ” of the 



antimony. 


SOI 


reacting substances. Thus an oxychloride is known, which 

is formed according to the following equation: 



?=fc2Ha+sbi;^. 


In the presence of a lai^ge amount of water some oxide is formed 
with the oxychloride: 

2SbCl,+ 3H,0 Vi 6Ha+ Sb,0,. 

A mixture of oxychloride and oxide is known as “algaroth” 
powder, Sb,0,'2SbC)Cl. 

By boiling with considerable water the oxide alone is obtained. 
Antimony trioxide forms three hydroxides, which behave as 

-OH 
Sb-OH 

^0 , and the hypothetical Sb^^U 

Sb — OH lletuitimoiiotti Mdd 

-OH 

Orthoutimonousaeid Pyroantimonoua aoid 


very weak acids: 


yOH 

Sl^H, 

\0H 


Salts of the metwtimonous acid are known, although the free 
add itself has never been isolated. On boiling the oxide Sb,0, 
with concentrated caustic soda or potash, it goes into solution, but 
on dilution with condderable hot water Sb,0, separates out again. 

On filtering this off, tetragonal crystals of are deposited 

on cooling; which are, however, very unstable, and are decom- 
posed by standing in the air into sodium carbonate and antimony 
trioxide. By dissolving antimony trioxide in strong alkali, the 
orthoantimonate must be formed first: 


SbiO,+6NaOH' 


yONa 

■2Sb^Na+3ILO, 

\ONa 


tdddi is hydrolytically decomposed on dilution into metantimo- 
nite and alkali hydroxide: 

Sb(0Na),+H,0-2NaOH+Sb^jjj^. 
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•The latter is decomposed more trater into tiioxide and alkafi 
hydroxide; so that on adding to a solution of the trichloride either 
sodium hydroxide or carbonate, an almost quantitative preoii»ta> 
tion of SbjO, will be obtamed: 


2SbCl,+6NaOH -6NaCl+3H,0+Sbi0,; 

2SbCl,+ 3Na,CO,-6Naa+3CO,+ Sb,0,. 

- Antimony oxychloride, Sb^^, and sodium metantimonite, 

do many other compounds, the univalent 

group, Sb=0, which is known as the antimonyl group. 


Antimony oxychloride, therefore, can be regarded as antimonyl 
•diloride, and sodium metantimonate as antimonyl oxide of sodium. 

Antimonyl nitrate, Sb^^Q > is also known, and antimonyl sulphate, 

<Sb0)2S04. All these compounds are easily hydrolyzed into acid 
and oxide, so that they are rarely met with in the course of imal3rBis, 
with the exception of antimonyl chloride. 

The antimonyl compounds 'of certain , organic acids (such as 
tartaric acid) are very much more stable. 

On boiling antimony trioxide with a solution of potassium acid 
tartrate, it goes readily into solution, forming the so-called '^tartar 
'emetic, ” 


COOK COOK 



Antlmoiiyi pofeMtlum twtnito 


wMch is comparatively soluble in water. 
100 parts of water dissolve at 


8.7° G 6.26 parts of salt 

21° C 7.94 “ “ “ 

31° C. ..12.20 " " " 

BOP C.... 18.18 " “ « 

^75? 0.... 81.21 * 
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Not only antimonyl oxide, Sb,0„ but all antimonyl compounda 
are soluble in alkali tartrate solution, forming tartar emetic; thus, 
for example, antimonyl chloride readily dissolves in Rochelle salt, 
or tartaric acid: 

COOK COOK 

I I 

CHOH CHOH 

I +Cl(SbO)=NaCl+ I 

CHOH CHOH 

I I 

COONa COO(SbO) 

C4H A<(J+ Sboa - Ha+ C,H 

Tartar emetic ♦ is the most important antimony compound of 
commerce. Consequently it will be worth while to say a few 
words .with regard to its behavior toward acids. 

If an aqueous solution of potassium antimonyl tartrate is 
treated with hydrochloric acid, a white precipitate of antimonyl 
chloride is formed, 

C4H40,<J,jQ+ 2Ha = Ka+ H AH40,+ SbOCl, 

which readily dissolves in more hydrochloric acid, 

SbOa+ 2HC1 4=t H,0+ SbCl„ 

but by the addition of more water is reprecipitated, etc. 

Sulphuric and nitric acids precipitate from a solution of potas* 
slum antimonyl tlirtrate, orthoantimonous acid, for the antimonyl 
compound, which is at first formed, is immediately decomposed by 
water, 

(a) C 4 H 40 ,<J^+ 2 HN 0 ,-KN 0 ,+C 4 HA<(H+Sb=N 0 ,»' ' 

(6) Sb^Q^+2HOH?± HNO,+Sb(OH),. 

RBACnONS OF ANTIlfONOUS GO|P*OUND8 IN THB WBT WAT. 

1. Water predpitates at first a basic salt which is changed into 
oxide by mote water. 

2. Sodium Hydroxide, Ammonia, and Alkali Carbonatei pro* 

dictate amorp hous hydrated mffde. 

* Tartar ometto or^-ataUiaea with half a molteule of water: 

K( 3 bO)C,HA+ 4 ) 9 , 0 . ' 
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3. Hydrogen Sulphide precipitates, from solutions which are 
not too acid, flocculent, orange-red antimony trisulphide: 

2Sbci,-i- 3fl^ ena-i- sbiS,. 

As is indicated in the equation, the antimony trisulphide is 
soluble in hydrochloric acid; in concentrated add (1 : 1) it is readily 
soluble (difference from arsenic); so that in order to predpitate 
antimony by means of hydrogen sulphide, the solution must be 
quite dilute. In case we have a solution of antimony chloride in 
hydrochloric add, we do not attempt to dilute very much at first, 
for the oxychloride will precipitate out if we do; but we conduct 
hydrogen sulphide into the solution for some time, then dilute with 
water, and saturate once more with hydrogen sulphide. If we do 
not proceed in this way, and attempt to precipitate from a solution 
which is.too add, the clear filtrate will become turbid as soon as it 
comes in contact with more water (from a moist beaker, perhaps). 
In such a case the solution must be largely diluted with water, 
then filtered again. 

Antimony tiisulphide is soluble in. ammonium sulphide, forming 
a sulpho salt: 

Sb^S,-!- 3(NH4),S-2Sb(SNH4),.* 

If yellow ammonium sulphide is employed, the ammonium salt 
of sulphoantimonio add is obtained: 

SbA+ 2(NH4),S,-SbS(SNH4),-|. SbSiNH4. 

If the solution of ammonium sulphoantimonate is boiled to a long 
time in the air, the red-colored oxysulphide is often predpitated: 

2Sb(SNH4),-l-80-2(NH4)^0,-l-2NH,+H,0+Sh,S,0. 

By boiling antimony chloride with sodium the 

ojgrsulphide is also obtaiii^, 

2SbCl.-h 3NaAQ,-6Na61-(-4SO,-|- Sb^O, 

which, on bdng wanned with ammonium sulphide, .redissolves, 
forming the sulpho salt. ' ^ 

alone belo|!^own in the i^d etate. In solution, however, particularly in 
the prese^V considerable ammonium eulphide, ^ ion|ft)^mu8t be prea* 
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Antimony trisulphidc is also soluble in caustic alkali, fotming 
Bulpho and oxysulpho salts:* 

Sb,S»+ 2KOH = H,0+ Sb^j^+ Sb^jj 

These sulpho salts arc decomposed by acids, precipitating anti- 
mony trisulphide, with evolution of hydrogen sulphide, 

2 Sb(SNH 4 ),+ 6HCa - 6NH,C1+ 2 Sb(SH)„ 

and the imstable sulpho acid is further decomposed: 


2Sb(SH),=3H,S+Sb,S,. 


The solution of the sulphide in caustic potash is also precipi- 
tated by the addition of acid: 

Sb^K+ Sb^K+ 2Ha - 2KC1 + HjO+ Sb^S*. 

4. Zinc precipitates from solutions of antimony compounds 
metallic antimony. If a piece of platinum foil and a little zinc arc 
placed in an antimony solution contuning hydrochloric acid, so that 
the two metals touch one another, the antimony is deposited on the 
platinum in the form of a black stiun which does not disappear on 
removal of the zinc (difference from tin). 

5. Potassium Iodide does not set free iodine when treated with 
an antimonous solution (difference from antimonic compounds). 

B. Antimonic Compounds. 

Antimony pentoxide, Sb,0„ is formed as a yellow powder by the 
oxidation of antimony by means of concentrated nitric acid and 
gently igniting the reaction product (antimonic acid). On strong 
ignition it loses os^gen and goes over into the very stable antimonyl 
antimonate Sb^Oi. 

.* It is frequently stated that a mixture of sulpho and oxysalts is formed 
by the solution of Sb^ in caustic potash. This can hardly be right, becaiire 
ithe antimonites of the alkalies are readily decomposed by water into racstio 
and hydrated oxide, the latter separating out. The above solution 
can be diluted largdy without becoming turbid; so it can contain no anth 
monite. 
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The p^toxide dissolves in concentrated hydrochloric addi 
forming the pentachloride 

SbiO,+ 10Ha-5H,O+2Sba,. 

If this solution is treated arith water, a white precipitate of 
antimonic oxychloride, SbO,Cl, is formed, which, by the addition erf 
more water, is changed on warming into antimonic add: 


SbCI,+2H,0 ^ 4HC1+ SbO,a, 
SbO,a+ 2H0H Ha+ SbO^. 


Tartaric add prevents the precipitation of the oxychloride, as 
with SbOGl (p. 203). Antimony pentoxide is an acid anhydride, 
and, like the corresponding F,0|, can be referred to three adds, 


/OH 

0=SI^H, 

\OH 

Orthouitiiiiooio add 


Metaatimonio acid 


0=Sb' 


-OH 


’—OH 


> 


0=Sblgg- 

Pyroantimonio acid 


which have all been isolated. The salts of the metantimonic and 
pyroantimonic adds are the most common. The trimetallic salts 
of the ortho add are unknown, but the monometallic salts are 
known to exist. AU antimonates, bdng salts of a weak add, ate 
very unstable, bdng easily hydrolysed by water. T. 

If antimony pentoxide is fused with ^jgccess of caustic potash, 
the product df the fusion m^t contain twirimetailio salt of ortho* ^ 
antimonic add. If, howevOT, the melt is dissolved in a little water 
and allowed to ciystallize, rieliquescent crystals of potassium pyro* 
antimonate, are formed. 

The ortho salt, which is at first formed, is decom ^|^ Iqr 
water as follows: 


/OK 

OsSb^K 

^|+H0Hi=k2K0H+ 

OsSb^^ 


0=Sb 


-OK 


’-OK 




Oerfib 




’-OK 


•■I 
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By the action of conaderable cold water (or more quickly by 
rapid boiling with less water) this deliquescent salt is gradually 
oluuiged into the acid salt, losing KOH, 


OK HOH 


^0 + ?=t2KOH+ 

>. 

^ ^,-OK HOH 

OK 

0=SblgH 


which is a granular powder, difficultly soluble in cold water.* It 
dissolves to a considerable, extent in water at about 40°-50*’ C.; 
this salt is used in testing for sodium, as the sodium salt is very 
much more insoluble in water. 

On boiling the granular potassium salt for a long time with con> 
mderable water, it gradually takes on water, forming the eadly 
soluble monometallio salt of orthoantimonic acid. 


0=Sb 


-OK 


0=Sb 


-OH 

0 +H,0?:t2 

-OH 


-OK 



which is obtained, on evaporating the solution, as a gummy mass 
of the compoation 2 KH,Sb 04 +H, 0 , but on boiling the aqueous 
solution for a long time, more KOH is lost, with the formatiou of 
amorphous orthoantimonic acid: 


0=SI^|+ HOH ?=t KOH+ ^0=S 



All antimohates are decomposed by adds, amorphous antimonio 
add separating out. 

The gummy, monometallic salts give an amorphous predpita- 
tiem with sodium salts, gradually becoming crystalline, while the 
potasdum pyroantimonate pves a crystalline predpitate imme* 
diatdiy. 


* The granular powder has the ocoqioiition K|H^b^ + 
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This sensitive reagent for sodium is prepared as follows: 

Commercial potassium antimonate (which usually contains ocm* 
fdderable antimonite as impurity) is treated with concentrated 
nitric acid and boiled until no more red fumes are given off; the 
acid is decanted, and the undissolved, heavy, powdery antimonie 
acid is washed by decantation with water and then boiled several 
minutes with a quite concentrated solution of caustic potash. In 
this way a pure, granular acid potassium salt is obtiuned. The 
liquid is cooled, the alkali poured off, 5 or 6 c.c. of water added, 
quickly heated to boiling, cooled, and filteted. The filtrate thus 
obtained reacts immediately with a normal solution of a sodium 
salt. 


BEACnONS OF ANTIMONIC COMPOTTNOS IN THB WXT WAT. 

A solution of the pmified potassium antimonate in hydrochloric 
add may be used for these reactions. 

1. Hydrogen Sulphide precipitates from fairly add solutions 
tiie orange-red pentasulphide 

2Sba,+ 6H,S= 10Ha+ Sb^S,. 


. Antimony pentasulphide is soluble in strong hydrochloric add, 
forming antimony tricUoride, with deposition of sulphur and evo- 
lution of hydrogen sulphide: 

. ShAftt01-3H.S+^+2Sb(V 


It also dissolves (Uke the trisulphide) in alkali sulphides, and in 
alkalies, but not in ammonium carbon^. By-treatment with an 
allcali sulphide, a sulpho fuJt is obta 


SbA+3(NH4)^= 



SNHJ, 


which is decomposed by the addition of adds, formmg the insoluble 
pentasulphide with evolution of hydrogen sulphide: 

2SbS(NH4),+6Ha-6NH«a-|-3H^+8b^ 


Alkalies dissolve the pentasulphide; forming sulpho and ozy* 
sulpho ^ts: 



S^S,+6E0fi«SbS(SK),+mO^,+3a,O. 
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2. Hydiiodic Add reduces antimonic compounds in acid solu- 
tions, with separation of iodine (difference from antimonoi:ifr com- 
pounds): 

Sba,+ 2HI = 2Ha+ SbCI,+ 1,. 

3. Nascent Hydrogen. — By treating any solution which con- 
tains antimony with nascent hydrogen, stibine is formed: 

Sb,0,+ 6H, - 3H,0+ 2SbH„ 

Sb,0,+ 8H, - 5H,0+ 2SbH,. 

If the stibine is generated in a Marsh apparatus (ef. p. 193), 
and the gas is conducted through a red-hot glass tube, a mirror of 
metallic antimony will be deposited, as with arsenic. But as stibine 
is much more unstable than arsine, and the antimony itself is much 
less volatile, the mirror is found nearer the heated place than is the 
case with arsenic — sometimes before the hottest part of the tube is 
reached — as the decompotition of the stibine takes place at a much 
lower temperature than with arsine. 

If the stibine is allowed to escape from the tube with the hydro- 
gen, it bums with a pale greenish-white flame to water and anti- 
mony trioxide. If a piece of glazed porceltun is held directly ovfer the 
flame, a depoation of metallic antimony is obtained which is un- 
affected by a solution of sodium hypochlorite (difference from 
arsenic). 

If stibine is allowed to act upon a solution of silver nitrate,* a 
black precipitation of silver antimonide is thrown down: 

SbH,-|- SAgNO, = SbAg,+ 3HNO,. 

REACTIONS OF ANTIMONY IN THE DRY WAT. 

Antimony compounds impart to the flame a pale greenish-white 
color. Heated with sodium carbonate on charcoal, a brittle metal- 
lic button is obtained, surrounded by a white incrustation. 

Compounds containing oxygen are reduced in the upper reducing 
flame to metal> which is volatile and bums in the upper oxidizing 
flamo to trioxide; the latter can be deposited on a glazed porcelain 
surface. H the depodt is moistened with silver nitrate solution, 

* Solid sOver nitrate is turned ydlow at first, then black; exaotiy the 
same ashy arsine (ef. p. 198). 
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and *mmnnia blown upon it, it becomes black, owing to the sepam* 
tion of metallic silver: 

S1^0,+4AgN0,+4NH,+2H,0-4NH4N0,+Sbi0,+4Ag. 

TIH, Sn. At. Wt. 119.0. 

Occurrence . — ^Iln does not occur free in nature, but mostly in the 
form of the dioxide SnO,, as tetragonal tinstone, or cassiterite, 
isomorphous with rutile (TiO,), zircon (SiO^ZrO^, and polianite 
(MnO,). 

Tin is a silver-white metal, of sp. gr. 7.29; it melts at 233° and 
boils at about 1500° G. 

At ordinary temperatures tin is malleable and ductile, but at 
very low temperatures and near the melting-point it is so brittle 
tiiat it can be powdered. In order to pulverize tin, it should be 
heated in a porcelain dish till it melts; the flame is then removed 
and the substance is quickly crushed with a pe^e. It soon cools, 
yielding a fine powder. 

Tin is soluble in hot concentrated hydrochloric aeid with evolu- 
tion of hydrogen: 

Sn-|-2Ha-SnCl,+H,. 

In the presence of platinum, the solution takes place more 
quickly and at a lower temperature. Dilute hydrochloric add 
dissolves tin, but very slowly. 

Nitric add, of sp. gr. 1.^ to 1.3, does not dissolve tin, but oxi- 
dises it to metastannic add: 

3Sn+4HNp,+H,O-3SnO(O^i4N0. 

Cold dilute nitric add dissolves the metal very slowly, without any 
evolution of gas, foiming ammonium and stannous nitrates. The' 
reaction takes place in tm phases, hydrogen and stannous nitratd 



Sn+2HNO,»Sn(NO^,-|-^ 

The nascent Iqrdrogen then reduces the nitric acid to ammonia, 

HNa+8H-.3aO+NH., 
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which combines with the excess of the acid, forming ammonium 
nitrate. The whole re^tion may, therefore, be c.xprcssed as 
follows: 

4Sn+ 10HNO,-4Sn(NO,),+ NH4NO,+3H,O. 

Aqua regia dissolves tin, forming stannic chloride: 

3Sn+ 4HNO,+ 12HC1 = 4NO+ 811,0+ SSnO,. 

Tin dissolves in dilute sulphuric acid very slowly, but readily in 
hot concentrated acid, forming stannic sulphate, with evolution of 
sulphur dioxide: 

Sn+ 4 H,S 04 = 2S0,+ 4H,0+ Sn(S 04 ),. 

Tin forms two oxides: 

SnO and Sn q. 

Stannous ozido Stannio oxide 

Salts are known corresponchng to both these oxides — stannous and 
stannic salts. The former contain bivalent tin and the latter 
quadrivalent tin. 


Stannous Compounds. 

Stannous oxide (according to the way it is prepared) is either an 
olive-green or a black powder, which, on being warmed in the (ur, 
like all stannous compounds readily changes to stannic oxide. By 
dissolving stannous oxide (or, better still, the metal itself) in hydro- 
chloric add, stannous chloride is obtained, which is the most im- 
portant of all the stannous salts. This salt, with two molecules of 
water of crystallization, SnCl,+2I^0, is the so-caUed "tin salt” of 
commerce. 

Fresh crystals of "tin salt” will dissolve clear in a little watery 
if more water is added the solution becomes turbid, owing to the 
formation of a bade salt, 

Sn<^§+HOH?±Ha+Snlg®' 

Wfaidr is readily soluble in hydrochloric acid. 
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The clear concentrated aolution also becomes turlnd on standing 
in the air, in consequence of the formation of the same banc salt 
with loss of chloiine: 


Sn' 


-a 

-Cl 


Sn 


1^+0+ HOH. 


^-OH, 

“-a 


■2Sn“^“+Cl,. 


‘-d 


The chlorine, however, is not set free, but unites with some of the 
unchanged stannous chloride, forming stannic chloride: 


SnCl,+Cl,-Sna«. 


If tin tetrachloride is treated with metallic tin, the latter goes 
into solution and the former is reduced to stannous chloride: 

SnCl4+Sn-2SnCl,. 


Consequently, in order to mainfmn a solution of stannous chlo- 
ride, hydrochloric acid should be added to prevent the formation 
of the basic salt, and metallic tin to keep the solution in the stan- 
nous condition. * 

Such a solution constantly grows more concentrated, owing to 
the gradual solution of the tin. In order to keep a solution of 
stannous chloride at a definite concentration (only necessary tor 
purposes of quantitative analysis) the hydrochloric acid solution 'is 
kept away from air in an atmosphere of carbon dioxide without 
the addition of metallic tin. 

Nearly all stannous compounds are coloriess; the oxide (as 
already mentioned) is black, and the Bulphide.dark brown. 


HBACnONB IN THE WET WAT. 

1, Pota s si um and Sodi^ Hydroxides produce a white preei|d- 
tate of gelstinous stannous hydroxide, 

SnCI,+2KOH-2Ka+Sn(OH)„ 

wtucd is. readily soluble in an excess of the predpitant, foiming po> 
tasdum stannite: * 

Sn(QH)«-f2KOH«2HdO-fSn(OK)». 

* Aeonding to Haatiioh the solution ooatainB: 

Zeitaohr. f. mocnf. Gh* (1908).,p. 380. 
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The hydroxide is also readily soluble in hydrochloric acid. 
Stannous hydroxide, therefore, behaves partly as an acid and partly 
as a base (like the hydroxides of zinc, aluminium, and chromium). 

The alkaline solutica of an alkali stannate is often changed 
brownish black or black (particularly on warming, or when very 
concentrated caustic alkali is used), owing to the separation of 
either metallic tin or stannous oxide: 

From dilute potassium hydroxide solutions there gradually sepa- 
rates on standing, or more rapidly on heating, the hltxck monoxide, 

Sn3g^=KOH+SnO; 

and from quite concentrated alkali the precipitate is almost wholly 
black metallic tin: 

2Sn::gJ +2H,0-Kj[Sn(0H)«] +Sn. 

2. Ammonia and Alkali Carbonates precipitate the white 
hydroxide, which is not absolutely insoluble in an excess of the 
precipitant: 

SnCla+ 2 NH 40 H- 2 NH 4 Cl +Sn(OH) 2 , 

SnCla+NajfX)., +HaO-2NaCI +( O 2 f Sn(0^)^ 

3. Hydrogen Sulphide produces (in solutions which aro not too 
acid) a brown precipitate of stannous sulphide, 

H 2 S + SnCl2i=s2IICHSnS, 

readily soluble in strong hydrochloric acid; therefore no stannous 
sulphide is precipitated If the solution is very acid. On diluting a 
strongly acid solution with water, however, stannous 8ulphi<lu is 
completely precipitated on saturating the solution with hydrogen 
sulphide gas. 

Stannous sulphide is insoluble in ammonia and ammonium car> 
bonate (difference from arsenic); also in colorless ammonium sul- 
phide (difference from arsenic and antimony) ; but is readily soluble 
in yellow ammonium sulphide, forming ammonium sulphostaanate: 

SnS+(NH,)A-SnfSNH.. 

\SNH4 

If the solution of ammonium sulphostannate is addified with 
any add, yellow stannic sulphide is precipitated: 

Sn^NH,+ 2Ha-2NH,Cl+ H,S+ Sn^. 
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4. Merciiric Chloride produces in solutions of stannous salts a 
white precipitate of mercurous chloride: 


H6\C1 


Hg-a 
'SnCl4-i* I 

Hg-a 


But if tho stannous chloride is present in excess, the meretirous 
chloride will.be further reduced to gray mercury: 


Hg,Cl,+ SnCl, - SnCl 4 + 2Hg. 

5. The Gold Test is much more senntive. If to a solution of 
chloride of gold a solution containing a trace of stannous chloride 
is added, finely divided metallic gold will be precipitated, 

2AuCl,+ SSnO, 3Sna4+ Au,, 

which appears brown by transmitted light, and bluish-green by 
reflected light. 

6. Metallic Zinc precipitates tin from both stannous and 
stannic solutions as a spongy mass, which adheres to the zinc: 

Sna 4 + 2Zn — 2ZnCl,+ Sn. 

The finely-divided, spongy metal is easily soluble in strong 
hydrochloric acid; the experiment must not, therefore, be made in 
strongly acid solutions, as the tin is loosened from the zinc by the 
violent evolution of hydrogen and is redissolved by the acid. The 
test is best made by adding a drop of the (not too acid) solution to 
a piece of platinum foil, and then placing a piece of bright zinc so 
that it comes in contact with both the solution and the platmum. 
The tin is precipitated partly on the zinc and partly on thit 'plati- 
num ,* in the form of ai>gray stun, which disappears from the latter 
as soon as the zinc is removed, provided the solution is still arid 
(difference from antimony). If the zinc is kept m contact with the 
acid until the evolution of hydrogen oMses, the tin stain will not 
disappear from the platinum, because all the arid has been used up. 
On adding a few dropsof concentrated hydrochloric arid to tte 

* In weakly add solutions tin is predidtated dustiy on tbs afaw; tt' 
slioariy add solutions, ddsfly on tiw platinum. 




platinum, the stain quickly disappears with an evolution of hydrO' 
gen. 'fhc reason why the tin is deixisited on the platinum notwith* 
standing the presence of acid is that a galvanic current is formed by 
the contact of the zinc \vith the platinum, which ilou's from the zino 
to the platinum; the platimun thus serves as a cathode, and the 
zinc is deposited upon it. On removing tlio zinc the current stops 
and the stab disappears. 

Stannic Compounds. 

The stannic compounds (which ate all colorless, with the excep- 
tion of the yellow sulphide 8n8,) cannot be obtained by the sitlution 
of the oxide SnO,, from which they arc derivcHl, liccausc the oxide 
is with difficulty attacked by acids. They are obtained indirectly 
from metdUic tin or from stannous compounds. 

The simple stannic compounds arc all, more or less readily, com- 
pletely hydrolyzed by water, so that the analyst almost never meets 
with them. The nitrate Sn(NO ,)4 and the sulphate SnCSO^), are 
quickly decomposed, in the cold, bto acid and stannic hydroxide. 
The halogen compounds arc much more stable, and arc decomposed 
only by boiling with considerable water. For the following reac- 
tions, therefore, vre will assume that we have a solution of stannic 
chloride to work with. 

Stannic chloride is a colorless liquid, which fumes in the air and 
boils at 120° C. On adding a little water it solidifies, forming 
erystab of monoclinic hydrates, 

Sna^+SHjO 

Sna4+6H,0, 

SnCl4-l-8H,0 

of which the salt with 5H,0 is used commercially as a mordant b 
dyeing. 

On addbg more water to these hydrates -they dissolve, form- 
ing a dear solution, wUch on bdling (the freshly-prepared dilute 
solution) gradually becomes turbid, owing to the precipitation of 
vdlumbous stannic hydroxide: 

Sna4+4HOH rz 4Ha+ Sn(OH)4. 

If the solution is very dUute it becomes turbid in the cold. The 
stannic acid thus formed is not predintated quantitatively, either 
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in the cold or on boiling, because a cohaderable amount remains ia 
the hydrosol fonn. By "salting out” the hot solution (best with 
ammonium nitrate), t^ stannic acid may be completely predpi- 
tated. 

A solution of stannic chloride can be most readily obtained for 
analytical purposes by chlorinating or brominating a solution of 
stannous chloride. 

On adding chlorine to a solution of staimous chloride, stannic 
chloride is formed in the cold: ■ 


SnCl,+Cl,-Sna4. 


As, however, chlorine is colorless in a dilute solution, it is diffi- 
cult to tell when the oxidation is complete; it is more easily ascer- 
tained if bromine is used. 

On adding strong bromine water (with constant stirring) to a 
solution of stannous chloride, the brown color will disappear as long 
as any stannous chloride renuuns unchanged, and the solution be- 
comes colored by the bromine only when tire oxidation is complete. 
The solution then contains a mature of stannic chloride and stannie 
bromide; 

2 SnClj-f' 2 Brj » SnCl4+ ^iBr^. 


The excess of bromine can be removed by pasting a current oif 
tir through the solution. It is not advisable to accomplish this by 
boiling, for a basic salt may be formed. 

. Just as platinum tetrachloride combines vdth hydrochloric atid 
to form hydrochlorplatinic acid, so tin tetrachloride unites with 
hydrochloric acid, forming hydrochbrstannic acid. 



and yields, like the former, beautifully crystalline, easily, soluble 
salts with the alkalies, of which the ammoiuum salt (NH4)^)GI, 
is an article of commerce bting known as "pink salt.” The above- 
mentioned stannic chloride, SnG4, is sometimes designated mi 
a-etannie chbride, to distinguitir it from a compotmd (vdii<ffi we > 
shall soon study) known as bwtannie ehknide (staonyl <ffilotidb).; .-j 
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Reactions of the a-Stannie Compounds. 

1. Hydrochloric and Sulphuric Acids produce in moderately 
ooDoentrated solutions of stannic chloride no precipitation, even 
on long standing (diflFeropfC from /9-stannic compounds). In very 
dilute sulphuric acid solutions a precipitate of basic sulphate is 
sometimes obtained. In very dilute hydrochloric acid solutions, 
also, a slight turbidity is often formed, which becomes considerable 
on boiling the solution: 

Sna,+ 4 HOH Tzt 4 HC 1 + Sn(OII,). 

2 . Potas si u m and Sodium Sulphates produce no precipitation 
in the cold (difference from stannyl chloride), but on boiling ail the 
tin is precipitated as hydroxide. 

3 . Potassium or Sodium Hydroxide.— On adding caustic alkali 
to a solution of a stannic salt, a voluminous, gelatinous, white prc« 
cipitate is obtained: 

Sna4 + 4 KOH - 4 KC 1 +Sn(OH)4. 

The precipitate has the above formula when dried in the ^r, 
and the formula SnO(OH)3 if dried over sulphuric acid. 

The precipitate dissolves readily in an excess of alkali hydroxide, 
forming salts which are not derived from either of the above com- 
pound8,butfromH3<[Sn(OH)6], which has itself never been isolated: 

Sn(OH)4 + 2 KOH -K2[Sn(OH)e]. 

The hydroxide dissolves in ammonia also, but only in the ab« 
sence of ammonium salts. 

- By dissolving in alkali, staniuc hydroxide behaves as an acid, 
and according to Bellucci and Parravano,* the hexa-oxystannio 
acid stands in the same relation to hydrochloric stannic acid a» 
hexa-oxyplatinic acid to hydrochlorplatinic acid: 

HjfPtCW HstSnCW 

H 2 Pt(OH)e] Ha(Sn(OH)o]. 

The salts of hexa-oxystannio acid are designated briefly as atan* 
nates, or a-stannates, to distinguish them from the ^tannates or 
metastannates, which are derived from the polymer (H^n03)5 (see 
bebw). 


* Zaitsdir. f. aaoif . CSicm., 46 (1905), p. 150. 
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The ready solubility of a-stannic acid in cold dilute mineral 
acids is very characteristic. It dissolves promptly in hydrochloric, 
nitric, and sulphuric acids, behaving, in this respect, as a base. 
By boiling the dilute acid solution (particularly the sulphuric acid 
solution) stannic acid is reprecipitated, which is soluble in cold 
dilute acids provided the boiling has not been continued too long. 
In the latter case the ^atmic acid is formed, which is insoluble 
in dilute acids. 

Potassium Carbonate precipitates stannic acid from stannic 
chloride solutions, which is completely soluble in an excess of the 
reagent (difference from ^-stanruc acid) : 

SnCU +2K2CO8 +H2O -4KC1 +2OO3 +Sn(OH)4. 

6. Sodium Carbonate behaves similarly, but the preciintate is 
not so easily soluble in an excess. 

6. Ammonia precipitates staniuc acid from a solution of stannic 
chloride; tartaric acid prevents the precipitation (difference from 
/^•stannic acid). 

Beactions of the ;9-Stannic Compounds. 
(Afetostannoies.) 

By the oxidation of metallic tin with hot nitric acid of sp. gr. 
1.3 staimio nitrate is first formed, which, by boiling with water, ia 
completely hydrolyzed, forming nitric acid and acid. 

Metastannic acid is a white powder insoluble in nitric acid, 
which when dried over sulphuric acid has the formula HjSnOi. 
This is of the same empirical composition as the hydroxide pre- 
cipitated by treating a stannic chloride solution with alkalies, 
though differing essentially from it in irumy reactions. 

While the o-stannio acid (as already mentioned) is easily soluble 
in dilute mineral adds, the betannic add is almost insoluble therdn. 

1. If the yMannio add is treated for a short time with concen- 
trated hydrochloric add, a cUoride is formed which is insoluble in 
hydrochloric add, but readily soluble in water. The solution 'con- 
tains the so-oalle(Pj94taimio chloride (thou^ the designation stan- 
nyl chloride would be more suitable) of the cmnposition, 

ar,0,Cl,(OH)** 

*B.Ebtal,ClMikZdtg., 18 W,pp.maid^|^ " ... 




m. 
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2. On treating the aqueous solution of 8t«nnyl chloride with 
hydrochloric acid, almost all the tin is rcprecipitatcd in the form of 
A highly chlorinated compound of the compositioa* 


Sn,0»Cl«(0H),+ 4H,0* 

3. If an aqueous solution of stannyl chloride is heated to Iwiling, 
almost all the tin is precipitated as b-staniiic aci«l, which is insoluble 
in dilute acids. 

This differing behavior of the two acids, as well as of the two 
chlorides, can be cxplainetl as follows: Silicic acid, which is closely 
related to stannic acid, exists in innumerable silicates in different 
polymeric forms; as, for example, in the cases of the minerals of the 
I^roxene and amphibole groups, 

Wollastonitc, CaSiO,, and Tremolite, CaMgjSip,,, 
is a derivative of ordinary is a derivative of t he poly* 

metasilicic acid, meric silicic acid. 


/O 


Si-OH, 

°‘-OH 

0 0 ' 

ii-OH 

HO— 


and it is highly probable that the stannic acid can exist in analogous 
polymers. One of these polymers seems to possess the composi- 
tion [SaO|HJ„ to which we can ascribe the following structural 
formula; 


HO-Sn-OH 

A) 

5^s„/ Vigil 

o 


HO-' 


i 


HO-, 


HO-‘ 


Sn ' O- 


-Sn 


-OH 

-OH 


If such a compormd is treated with hydrochloric acid, the hy- 
droxyl groups ttUI, first, be replaced by chlorine, and a compound 


* Wriier, J., 1800, 244 and P. A. 122, 368. 
t Qroth. Tdsdlaiische Udierncht d. Min. 1808, p. 148. 
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will be obtained contuning tin, oxygen, and chlorine, e.g., Sn,0,C3i^ 

This hypothetical compound of the b-stannic acid is hydrolyzed, 
forming different chlorides of var 3 ring solubilities. Thus R. Engel 
found that the chloride Sn,0(C3,(0H), is soluble in water; and 
Weber showed that from an aqueous solution of the latter, hydro* 
chloric acid precipitates the compound Sn, 0 (Cl 4 ( 0 H)|+ 4 H, 0 . 

The reaction which takes place on dissolving the /^stannic acid 
in hydrochloric acid and water may be satisfactorily expressed by 
the following equations: 

Sn,0,(OH)jo+ 10HCl“10H,0+Sn,OjCl,o (insoluble in HQ); 

^-■tannio acid 
or 

Metastanmo acid 

80 ( 0 ( 0 , 0 + 8 H 20 ?=t 8 HQ+Sn, 0 ,Q,( 0 H), (soluble in water); 
Sn( 0 (Cl,( 0 H),+ 2 HQ;:i 2 H, 0 +Sn( 0 (a(( 0 H), (insoluble in HQ). 

On boiling the aqueous solution, ccmiplete hydrolysis takes place : 

Sn(0(Cl,(0H),+ 2H0H = 2 Ha+ Sn(0((0H)„. 

If the jl?-stannic acid is treated for a long time with concentrated 
hydrochloric acid, the ring Sn( 0 ( is finally broken down, so that the 
tin goes into solution in the form of ordinary a-stannio chloride: 


Sn(0((OH),o+ 20Ha- 15H,0+ SSriQ,. 

Further reactions of stannyl chlcmde (/Mannic chloride) are: 

4. Sulphuric Acid predpitates from solutions of stannyl chlo> 
ride white stannyl sulphate, which on being washed with water is 
completely changed to fMMom acid (differmce from a-stannio 
chloride). 

5. Potassium and Sodium Sulphates behave in tiie same way as 
sulphuric acid. 

6 . Potasdum Hydroside throws down in solutions of stannjd 
chloride a voluminous preciptate of /9-stannie add, which does not 
dissolve in an mccess of the concentrated predpitant, but foims a 
b-stannate easily sohiUe in water and dilute caustic potadi: 


(a) Sn,0,CI,(0H),+2K0H«2Kq+ y,(p H),(; 

(b) Sn,0,(0H)M+2K0H-2H,0+Sn(0.(0K)((0H), 



By long treatment of the potassium /f-stannato with concentrated 
eanstic potash^ it gradually goes into solution, foriniug nr-potassium 
stannate. This change takes place more remlily by fusing /}-stannio 
acid with solid potassium hydroxide in a silver crucible. 

If a dilute solution of a mineral acid is added to the /^-potassium 
stannate, a voluminous precipitate is formed, consisting: partly of 
/9-8taiinio acid (insoluble in an excess of mineral acids) and {mrtly 
of a-stannic acid (readily soluble in an excess of the acid). The 
latter compound is formed when a very concentrated solution of 
caustic potash was used in forming the potassium salt. 

7. Ammonia also precipitates /^-stannic acid, even in the pres- 
ence of tartaric acid (difference from nr-stannic chloride)* 

As we have seen, the nr-compounds may bo readily changed into 
/S-compounds and conversely. The dilute aqueous solutions of the 
n»compounds are gradually changed^ at the ordinary temperature^ 
into (i^compoundSt hut more quickly on boiling; thus siannio 
chloride changes to stannyl chloride: 

SSnCU + I 3 U 2 O = 18UC1 + Sn 504 Cl 2 ( 0 lI)H. 

The fi^compounde are changed into a^compounds by boiling with 
concentrated hydrochloric acid or concentrated caustic potash. 

8 . Hydrogen Sulphide precipitates (from not too aei<l solutions) 
yellow stannic sulphide from both the a- and the /^-compounds:* 

SnCU + 2 H 2 S?:i 41101 + 8082 ; 

Sn505Cl2(0H)g " 4 " 101128^ 2UGI -f- 13H2O -f- 68082* 

Stannic sulphide is soluble in hydrochloric acid; hydrogen snl* 
phide will cause no precipitation, therefore, if the solution is very 
acid. If such a solution, saturated with hydrogen sulphide, is 
largely diluted, the sulphide will precipitate out. 

The yellow sulphide is the sulpho-anhydrido of the sulpho acid; 
it dissolves, therefore, in alkali sulphide, forming salts soluble in 
water: 

* yrom /^-stannic solutions hydrogen sulphide produces s precipitate, 
hut veiy slowly, the 8n8, remaining largely in the hydrosol form. By the 
addition of ssltail Is coagulated, and sepaiates out in a flocculent form, usu- 
ally mixed whh d-stannic add (cf. Zeftschr. f. anorg. Ch. XXVIII, p. 140). 
tt the ftannyl dilorlde solution Is heated on the water-bath in a pressure 
teak, the tin Is quickly predpitated aa greenish-yellow sulphide. 
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y® 

SnSL+(NHJ^-Sn^SNH, 

\SNH4 


Adds precipitate from such a solution the yellow stannic sulphide 


Si^SNH,+ 2HC1=2NH4C1+ H^+ Sn 
\SNH4 



The sulphide is insoluble in ammonia and ammonium carbo- 
nate (difference from arsenic). By means of concentrated nitric 
acid it is eadiy oxidized to ^tannic acid; or by roasting in the ur 
it can be completely changed to tin dioxide. 

The sulphide obtained in the dry way, known as “ mosaic gold,” 
is not attacked by nitric acid, and is aiso insoiublc in alkali sulphides. 
It dissoives on treatment with aqua rc^a, forming stannic chio- 
ride with separation of sulphur. It is most readiiy brought into 
solution by fusing with sodium carbonate and sulphur (see below). 

9. Mercuric Chloride produces no precipitation in solutions of 
stannic salts. 


Tin dioxide as it occurs in nature, and the artificially produced 
oxide, after strong ignition, are both insoiublc in all acids. They 
can be brought into solution by the following metliods: 

1. Fusion with sodium carbonate and sulphur; 

2. “ caustic potash or soda; 

3. " “ potassium cyanide; 

4. Reduction of hydrogen at a high heat. 

(1) Fusion v/ith Sedium Carbonaie and Sulphur . — The dry sub- 
stance is placed in a small porcelain crucible, mixed with six times 
as much calcined sodium carbonate and sulphur (equal parts mixed 
together), covered, and heated over a small flame until the excess of 
sulphur has distilled off and burned. This operation requires about 
twenty minutes. The crucible is then allowed to cool, its contents 
are treated with warm water, and the solution ffltered if necessary: 


2SnO,+2NatOO,+93-3SO,+ 




If iron, lead, copper, or any other metal forming sulphides in- 
soluble in water and ammonium polysulphidc arc present, these 
remain undissolved as sulphides, and arc separatetl from the tin by 
filtration. 

(2) Fusion with Sodium Ilydroxule. — ^The sodium hydroxide is 
melted in a silver crucible until all water has Ixx*!! driven oiT (the 
fusion becoming quiet) and allowed to c«k>1 somewhat; the (incly- 
powdered, dry substance is added, and the mixture is again heaUxl 
until the fusion is clear. After cooling, the pnHiuct is dissolved in 
water: 

SnO,+ 2NaOH - Sn(XONa),+ H,0. 

Stannic onde is not completely attacked by fusion with sodium or 
potassium carbonate. 

(3) Fusion wUh Potassium Cyanide. — Some potassium cyanide 
is melted in a porcelain crucible, the powdered stannic oxide is 
added, and the mixture is fused until the separated tin has melted 
together: 

SnO,+ 2KCN - 2KCNO+ Sn. 

After oooUng, the mass is treated with water, the tin filtered off, 
flattened into foil, and then dissolved in concentrated hydrochloric 
add. , 

(4) Reduction in a Stream of Hydrogen.— The substance is put 
in a platinum boat, placed in a glass tube open at both ends, and 
made of diiiicultly-fusible glass; hydrogen is conducted into the 
tube in the cold until the ur has been driven out, when it is heated 
(at a faint-red heat) until no more water is given off: 

Sn0,-f4H-2H,0-|-Sn. 

Ihe metal is then dissolved in hydrochloric add. 

REACnONS IN THE DRY WAT. 

Heated mth soda (or, better still, potassium cyanide) on char- 
coal, usually only a small malleable button is obtained, which, on 
tulring away the flame, is immediately covered with a white coating 
of oxide. This can be observed when the flame is allowed to play 
upon the fudon. If the product is crushed in an agate mortar, a 
■mall flake of metallic tin is obtained, which can be distinguished 
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from silver and lead by its insolubility in nitric add, and by its 
solubility in hydrochloric acid. This reaction is particularly suited 
for the charcoal-stick test. The borax bead which has been colored 
pale blue by copper, becomes a transparent ruby red in the reduc- 
ing flame if a trace of tin is added. This is a very sensitive reac- 
tion. 

For the separation of the sulpho-adds from the sulpho-bases, 
sec Table VI, page 226. 

Gold, Au. At. Wt. 197.2. 

Occurrence. — Gold usually occurs native in quaHz and in river 
sands; also as telluride of gold in sylvanite, (AuAg)jT^, and in 
nagyagite, (PbAu),(TeSSb)„ and is found in small amounts in 
many pyrite and other sulphide ores. 

Metallic gold is of a yellow color, has a sp. gr. of 19.33, and 
melts at 1064° C. without being oxidized. It is the most ductile of 
all metals, and may be hammered into exceedingly thin leaves, 
which are transparent, with a bluish-green color. 

The proper solvent for gold is aqua te^a, but it is also soluble in 
bromine and chlorine water, forming a tiihalogen compound: 

2Au+ 2HNO,+ 6Ha - 4H,0+ 2NO+ 2AuCI„ 

Au+ 3Br — AuBr,. 

Gold is not attacked by mineral adds. It forms two oxides: 

Aurous oxide, and Auric oxide, 

AujO, - AujO,. 

Both of these are exceedingly unstable; on gentle ignition thqr 
lose oxygen and are chang^ to metal (a property common to all 
noble ” metals). 

All gold salts are unstaUe; evmi ibw most stable salt of all, the 
chloride, AuCS,, is changed by gentle igpiition into yellowiah-wfaite 
aurous chloride, AuCl: 

AuC3,sAuC9+C9y 

On stronger i gni t i on the last atom of ehknine is lost^ itri the yeUow 
metal itadf is left behind. 

Aurous chloride, AuCH, is insoluble in water, but on being boiteid 
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with water for some time, or very gradually in the cold, it is changed 
to auric chloride, with deposition of metal: 

3AuCl “ AuClj-f Auj. 

The solution obtaiiiCd by dissolving gold in aqua regia always 
contains auric chloride, so that only the redactions of auric com-* 
pounds are of intercut to the anal 3 rtical chemist. Auric chloride 
unites with hydrochloric acid fortning hydrochlorauric acid, 
AuCla+HCl^AuCUir. 
which yields beautifully ciy^stalline salts. 

Gold chloride is soluble in ether and can be extracted from its 
aqueous solutions by means of this solvent. 

Auric salts arc mostly yellow and readily soluble in water. The 
sulphide is black and soluble only in aqua it^gia. 

R£ACriONS IN THE WET WAV. 

A solution of auric chloride in hydrochloric acid should be used 
for these it'actions. 

1. Potassium or Sodium Hydroxide.— If caustic alkali is cau- 
tiously added to a concentrated gold solution, a reddish-brown, 
voluminous precipitate of auric hydroxide is obtained, which looks 
exactly like ferric hydroxide. If more caustic alkali is added, how- 
ever, the gold hydroxide rcdissolves, forming alkali aurate: 

(а) AuCl,+ 3KOH - 3KC1+ Au(OII),; 

(б) Au(0H),+ K0H-2H,0+Au^j^. 

If the bright-yellow solution of potassium atirste is carefully 
addified with nitric acid, a precipitate of reddish-brown auric acid 
is duxtwn down, which is soluble in nitric acid, but is rcprccipitatcd, 
for the most part, by dilution and boiling. 

As a rule, potassium hydroxide yields no precipitate in solutions 
of gold chloride, because the gold solution is usually so dilute that 
the amount of alkali added is efficient to form the aurate at once. 

2. throws down a precipitate of dirty-yellow, fulml* 
nating^ld, 

[AuajH+6NH,+3H,0-4NH,a+[^Au|JJj^*j0H,* 

wUdi explodes in a dry oondition on wanning or by conouarion. 

*11is formula of fulminating gold is umiaUy expressed as 
AiiNH,NH, -f 8H,|0. 
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The meet important reactions for the detection of gold are those 
which depend upon the extreme readiness with which the auric 
compounds are reduced. Auric compounds ore strong oxidizing 
agents. 

3. Ferrous Salts precipitate at ordinary temperatures from 
neutral or acid solutions all the gold as a brown powder (difference 
from platinum): 

AuCl,+ 3 FeS 04 = Fe,(S 04 ),+ FeCl,+ Au. 

4. Oxalic Acid precipitates alt of the gold in the cold, but more 
quickly on warming (difference from platinum) : 

C(X)H 

2Aua+3 1 =6HC1+6C0,+Au,. 

COOH 

The presence of conriderable hydrochloric acid prevents this re- 
action. 

5. Arsine and Stibinc ))rocipitate gold completely: 

2AuCl,+ A8H|+ 3H,0 “ As(OH)j-l- 6HC1+ Au, ; 

2AuCl,-l- SbH,- SbCl,+ 3Ha-t- Au,. 

6. Sulphurous Acid reduces gold solutions: 

2AuCt,+ 3H,SO,+ 3H,0 - 3H,SO«-|- 6Ha-l- Au,. 

7. Stannous chloride causes the following reaction to take place: 

2AuCt3 +3Sna2 - SSnCl* + Aua.* 

If the solution tested is strongly acid with hydrochloric acid, 
the precipitate is pure gold and has the characteristic dark-biown 
cobr of the finely>^vided metal. In very dilute weakly acid solu- 
tions the so-called Purple of Cassius is thrown down which con- 
sists of colloidal gold and tin hydroxide. 

l^lrple of Cassius is soluble in ammonia and in dilute caustic 
potash solution, forming reddish liquids. These solutions when 
cold renuun clear for a long time and can be boiled without decom- 
position. As the solution is concentrated a flocculent precipitate 
is formed which will dissolve on the addition of more ammnni* 

llte brown coloration can be distinctly seen if 3 mg. gold are dis- 
solved in 100 C.C. of the solution. 


*Th«odor IMHing, dwm. OentnB)!., 1900^ I. p. 73S. 
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8 . Hydrogen Peroxide * in alkaline solution immediately pre- 
cipitates the gold as finely-divided metal: 

2 AUCI 3 + 3H,0,+ 6 KOH - 6KC1 + 6H,0+ 30,+ 2 Au. 

The precipitated metal appears brownish-black by reflected 
light, but bluish-green by transmitted light; yjo mg. gold in 10 c. c. 
of liquid suffice to give a reddish coloration with a bluish shimmer. 

9. Zinc. — ^'fhe following gold tost is very sensitive.t A few 
drops of a dilute gold solution are taken; a drop of arsenic a(*iib two 
to three drops of ferric chloride, and two to three drops of liydro- 
chloric acid are added; the mixtum is then diluted to 100 c. c., and 
a piece of zinc is dropped in. Around the zinc the solution assumes 
a purple color, which, by moving the zinc in the solution, is dis- 
seminated through it, making it ap|)ear pink or purple. 

If the solution contains mg. of gold, within fifteen minutes 
beautiful reddish color will be noticed. 

. Besides the above reagents many others, such as formaldehyde 
in the presence of alkali, hydrazine sulphate, etc., arc capable of 
reducing gold from its solutions. 

10. Hydrogen Sulphide precipitates, in the cold, black gold di- 
sulphide from gold solutions: 

8AuCI,+9I^S+4H,0-24HC1+H,S04+4Au,S|. 

Gold disulphide is insoluble in acids; but is readily soluble in 
aqua regia, forming auric chloride. 

The disulphide is difficultly soluble in ammonium sulphide, but 
more readily soluble in potassium sulphide, forming a sulpho salt: 

AuA+K^-2Au^^. 

From this station hydrochloric acid precipitates a yellowish- 
brown sulphide: 

2Au^*^+2HCl-2Ka+HyS+AuyS, (?). 

From a hot solution hydrogen sulphide precipitates brown, 
metallic gold: 

8 AuCI,+ 3 H, 9 + 12 H, 0 - 24 Ha+ 3 H, 804 + 8 Au. 


* Vaaino and Seepiann, B. B. 1800, p. 1068. 
t Pham. Cham. Otntralbl., 27, p. 321. 
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The metallic gold is soluble in hot potassium or sodium poly- 
sulphide, forming a sulpho salt: 

2Au+K,S4-2Au^^. 

On account of its softness, gold is alwa 3 rs alloyed with silver and 
copper when used for coins or for jewelry. If such an alloy is 
treate»l with nitric acid, the copper and silver are dissolved out, the 
gold remaining, usually as a brownish powder. The gold is filtered 
off through a small filter; the filter is dried, rolled together and 
enveloiHHl in platinum wire; the paper is lighted and allowed to 
bum quietly. [The ash must not be too strongly heated, for the 
gold would then melt and alloy with the platinum wire.] The ash 
is melted with a little soda on a charcoal stick, a gold button form- 
ing with the characteristic yellow color. The gold button can be 
pressed into a leaf in the agate mortar, transferred to a watch-glass, 
and dissolved in a little a(pia regia, forming auric chloride. The 
solution is carefully evaporated to dryness, the residue dissolved in 
a little water, and a dilute solution of stannous chloride added, when 
the presence of gold is shown by the formation of the purple of 
Cassius. The hydrogen peroxide or zme tests are still more delicate 
(sec p. 229). 

If it is a question of detecting very small amounts of gold (as in 
the case of many copper coins), the above method is unsuitable. 
In such a case the gold and silver arc extracted by mel ting them 
together with lead, and the lead is then separated by oxidation and 
removal of the lead oxide. The process is as follows: -five to ten gm. 
of the auriferous copper (or more in some cases) are treated mth 
120 gm. of pure lead in a flat dish of infusible stone (a scorifying- 
dish), and melted in a muffle, with access of air. The copper and a 
part of the lead are oxidised, and the oxide unites with the ^ica of 
the dish to form a readily fusible dag, which eventually covers the 
unaffected lead and the dissolved diver and gold. This operation 
is known as scorijication. When this point is reached, the mnlten 
mass is poured into an iron scorificatirm pan, previously well phallfwl. 
As soon as the mass becomes cool, it is removed from the pan, and 
the slag is hammered off from the endosed lead button, which is 
weighed. The button is then placed in a cupel (a sort of orudUe 
made of bone ash), of about the same weight as the lead button or 
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a little heavier. The cupel is then placed in the muffle and again 
heated, with ready access of mr. The lead melts and is oxidized; 
the resulting lead oxide melts at 980° C. and is absorbed by the 
porous cupel,* while a kernel of silver and gold remains. The 
metallic kernel is flattened to foil and troatc<l with nitric acid, 
which dissolves the silvet, leaving the gold, usually in the form of 
powder. The gold is filtered off, drie<l, and tnelUHl, as above de- 
scribed, upon the charcoal stick. If the alloy of gold and silver (ob- 
tained after cupellation) contains three parts of silver to one part 
of gold, the gold remains after separation with nitric acid as a thin- 
as-paper, coherent, brownish mass (which becomes hanl on ignit- 
ing), with the characteristic gold color. If the pro|)ortion of silver 
to gold is greater than 3:1, the separation by means of nitric acid 
will be complete and the gold will be left as a powder. If the ratio 
of silver to gold is loss than 3 : 1, the separation by means of nitric 
acid is incomplete, and the gold residue usually a])]X'ars yellow, and 
still contains some silver. In this case, more silver is addeil, and 
one gm. of lead; the mixture is once more subjected to cupellation, 
when the subsequent separation by means of nitric acid will be 
complete. 

In order to detect very small amounts of g#ld in ores, a similar 
procedure is used. 

If one does not possess a muffle furnace, the tiresome wet process 
must be used. For example, if it is desired to detect the presence 
of gold in pyrites, a large amount of the ore is roaste<l in the air 
until all the sulphur has been burned off, then treated with bromine 
water, and allowed to stand twelve hours. The solution (which 
must now contain all of the gold as aunc bromide) is filtered and 
the excess of bromine boiled off. Ferrous sulphate and a little 
sulphuric acid are now added, and the solution is again boile<l and 
filtered through a small filter. The residue on the filter is washed 
and dried and then melted on the charcoal stick. According to 
the methods described, above a fractional part of a milligram of 
gold can be detected with certainty. 

REACTIONS IN THE DRY WAY. 

Ail compounds of gold, when heated with soda on the charcoal 
stick, yield a malleable, metallic button, soluble only in aqua regia. 


* OoDiidenble lithaifs ■ also volatiliaed. 
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The solution in the latter reagent should be evaporated, the tendue 
dissolved in water and tested with stannous chloride, hydrogen 
peroxide, or zinc. 

PUTHIUM, Ft. At. Wt. 194.9. 

Occurrence . — Platinum is found free in nature, usually accom* 
panicd by the other so-called platinum metals. 

Metallic platinum is grayish wlute, of sp. gr. 21.48; in a finely- 
divided state it is grayish-black. It melts at about 1780. 

Platinum is not attacked by mineral acids; it dissolves only in 
aqua regia, forming hydrochlorplatinic acid, H^PtCl, (not platinum 
chloride, PtGl 4 ). If, however, the platinum is alloyed with silver, 
it dissolves iii nitric acid to a yellow liquid, provided sufficient nlvw 
is present. Like tin, platinum forms two oxides: 

Platinum monoxide, and Platinum dioxide, 

PtO, PtO,. 

Both oxides may be obtained by the careful ignition of the coN 
responding hydroxides. They are exceedingly unstable, being de- 
composed by gentle ignition into metal and oxygen; all the re- 
maining platinum compounds behave similarly. 

The most important of the platinum compounds are the chlo- 
rides. By dissolving platinum in aqua regia, hydrochlorplatinic 
acid is always obtmne<l, from which the di- and tetrachlorides may 
be derived, which form with hydrochloric acid the complex adds 

PtCl4-{‘2HCl>"HjPtC4 (Hydrochlorplatinic acid — orange red crys- 
tals), 

and 

PtCl|+2HCl«HjPt(34 (Hydrochlorplatinous add — oniy known in 
solution). 

The aqueous solution of hydrochlorplatinic add is ydlowidi- 
orange ; on the other hand, a solution of hydrochlorplatinous add, 
containing the same amount of platinum as in the other case, is 
brown. 

The potasdum and ammoiuum salts of hydrochlorplatin^ 
add are soluble in watw; the corresponding salts of hydioehlor* 
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platinic acid are difficultly soluble in water and insoluble in 75 per 
cent, alcohol. 


REACTIONS IN THE WET WAY. 

A solution of hydrochkrplatinic acid should he used for these 
reactions. 

1. 'Ammonium and Potassium Chlorides produce in concen- 
trated solutions a yellow precipitate: 

H,PtC4-l-2KCl-2HCl-hK,PtCle (cf. p. 37); 

H,PtC4-|-2NH,Cl-2HCl+(NU4),PtCl« (cf. p. 45.). 

Both salts, are difficultly soluble in water, but practically in- 
soluble in 75 i^r cent, alcohol and in concentrated solutions of 
potassium and ammonium chlorides. This last property is taken 
advantage of in order to separate platinum from gold and other 
metals. 

2. Alkali Iodides five a brownlsh-itnl coloration when added 
to a solution of hydroclilorp atinic acid: 

HaPtClfl +8KI «6KCl ^KaPtle -h2HI. 

3. Hydrogen Sulphide precipitates in the cold very slowly, but 
quickly on warming, dark-brown platinum disulphide: 

H,PtC4+2H,S-6HCl+ PtS^. 

Platinum sulphide is insoluble in mineral acids, but readily 
soluble in aqua regia. It is difficultly s<)luble in alkali sulphides, 
but more readily soluble in alkali polysulphides, forming a sulpha 
salt, which is decomposable by acids, with precipitation of platinum 
sulphide. 

4. Ferrous Salts do not reduce hydrochlorplatinic acid in the 
presence of acids (difference from gold), but cause precipitation of 
all the platinum with ferric hydroxide (on wanning) in a solution 
which has been neutralized with sodium carbonate: 

H,PtCI«+ 3Na^C!0,+ 4Fe(OH),-f H,0 - 
-30O,+6NaCl+4Fc(OH),+ Pt. 

5. Oxalic Add does not predjNtate platinum (difference from 
gold). 
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6. Fonnic ilcid precipitates from neutral, boiling solutions ail 
the platinum in the form of a black powder: 


H 


H,PtC!l,+ 



\OH 

Formio acid 


6HC1+2C0,+Pt. 


An acid solution must be neutralized with soda before making this 
tost. 

7. Stannous Chloride reduces hydrochlorplatinio add to 
hydrochlorplatinous acid only, not to metal: 


H,PtCl,+ SnCl, - SnCl,+ H,Pta 4 . 

8. Glycerine and Sodium Hydroxide reduce hydrochlorplatinio 
add on warming, with the separation of the black, powdery metal; 

CH,OH 

inOH + 3Na,PtCll,+ IGNaOH- 

(!:h,oh 

QlyoeriM 

COONa 

- 18Naa+ + Na,CO,+ 12H,0+ 3Pt. 

Sodium oxalato 

0. Zinc reduces hydrochlorplatinic acid to metal: 

H,PtCI«+ 3Zn-3ZnCl,+ H,+ Pt. 

Preparation of Hydrochlorplatinic Add for Use as a Reagent 

Since hydrochlorplatinic acid is used not only for the qualitative 
detection of ammonium and potasdum, but also for thdr quantita- 
tive separation, we will describe the methods for preparing a solu- 
tion of this reagent 

There are two cases to be considered, depending upon whether 
we start with metallic platinum or with platinum teddues (pie- 
dpitates of KjPtCl,, etc.). 

1. Prepanlion of Hydrochhrpkainie Acid from MeUtUie Plati- 
mtm.— Almost all commerdal platinum contains iridium; and 
although pure iridium is practically insoluble in aqua w»gi*, it die- 
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•olvee considerably in this reagent if it is alloyed with platinum. 
Furthermore, platinum forms with aqua regia not only hydrochlor- 
platinio add, but also hydrochlorplatinous add (the most harmful 
of all impurities for tMs reagent) and nitroso-platinic chloride, 
(PtC3,)(NO),, These facte must be borne in mind in preparing this 
reagent. 

Pirat of all, the platinum filings are purified by boiling with con- 
centrated hydrochloric acid and washing with water, llie platinum 
is then placed in a capacious flask, concentrated hydrochloric add is 
poured over it, and nitric add is added little by little, with con- 
tinuous, gentle heating on the water-bath. All the platinum and 
some iridium are thus brought into solution, while small amounts 
of the latter metal usually remain undissolved as a black powder. 

The solution is poured off (without stopping to filter) into a 
porcelain evaporating-dish and evaporated to syrup consistency. 
It is then dissolved in water, sodium formate and sodium carbonate 
are added until the solution is slightly alkaline; it is then heated to 
boiling, whereby the platinum and iridium are predpitated in a few 
minutes as a black powder. This operation should be performed in 
a large evaporating-dish, on account of the violent effervescence due 
to the escape of carbon dioxide. The supematent liquid is now 
poured off and the residue washed several times with hydrochloric 
add to remove the sodium salt, and finally with water in order to 
imnove the acid. The powder, which contams iridium and plati- 
num (in the presence of one another, but not alloyed together), is 
dried, strongly ignited in a porcelun crucible over the blast-lamp 
(whereby the iridium is made insoluble' in the aqua regia), and 
wdgbed. The ignited gray metal is dissolved (at as low a tem- 
perature as possible) in h 3 rdrochloric acid, with a gradual addition 
of nitric add. Cmuuderable quantities of nitroeo-platinic choride 
are formed by this operation. On evaporating with water, this 
eompound is decompoi^ into hydroehlorplatinic add. with evolu^ 
tion of the oxides of nitrogen: 

PtCWN0),+H,0-N0,+N0-|-[Pt(ajH,. 

As, however, a part of the NO, (or NjO,) remains in solution, 
Steiie mcne nitrio and nitrous ad^ are formed by the aethm of 

Np,-hH,p-HNO^-i-HNQ„ 
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which yields nitro^l chloride with the hydrochlorio add {neBent, 
and causes the fonnalion of more nitroso-platinic chloride. 

It is necessary, therefore, to evaporate the solution alternately 
with hydrochloric acid and with water until no more nitrous fumes 
are given off. The solution thus obtdned alwajrs contains some 
hydrochlorplatinous acid, and is intensely brown. In order to 
change the latter compound into hydrochlorplatinic add, the fairly- 
warm solution is saturated with cUorine gas (whereby its color b^ 
comes much lighter) and then evaporated (at as low temperature 
as posdble) till it becomes of syrup consistency. After cool> 
ing, the syrup crystaliizes to a yellowish-brown mass, which may 
be dissolved in a little cold water, and the insoluble iridium 
filtered off. 

If there is a considerable amount of the latter metal, it is ieni*«wl 
in a porceldn crudble and weighed. The wd^t of the iridium 
should be deducted from the previous wdght of the mixture, in 
order to find out how much platinum remains in solution. 

The filtered solution is now diluted with water until 100 e.c. of 
the solution contdns 10 gm. of platinum. 

2. Prepamtwn of HydroehkTjilalinic Add from Platimm Ren- 
dues.— These reddues condst of potasdum platinie chloride and 
the alcoholic wash-waters. 

By evaporating an alcoholic solution of hydrochlorplatinic add, 
hydrochlorplatinous add and ethylene are formed, which yidd 
ethylene platinous chloride; and the latter ^ves no predjntation 
with potassium or ammonium salts: 

O 

H,PtCl,+2CH,CH,0H-CHg-C^H+4Ha+(C^)PtCl,+H,0. 

Alochol Aldchydt 

On evaporating an alcoholic solution of this wtlnWe oiganio 
platinum compound, it is changed into an insoluble powder, explo- 
sive when dry, insoluble in adds, and completety decomposed Iqr 
strong ignition only. 

To separate platinum, therefore, &om piatinuni reddues, the! 
alcoholic solution is, first aU, evapcuated to dryness, taken to in 
water, and the solution poured into caustic soda (sp. gr. 1.^, td 
which 8 per cent, of g^ycoino* has been added, the Bqidd hsi^ 

«Ztitwhr. faraiudl.CheBdakXVIll^l>.4M. . a/' 
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to boiling, causing the platinum to be preciintated as a heavy 
black powder, 

aC,H^,+6H,PtC!l,+6H,0-36Ha+200,+aH^^+6Pt, 

which is washed, first, with water, then with hydrochloric acid, and 
finally with water again. The powder is dried, ignited (to destroy 
any of the organic compound), weighed, and transformed, as before, 
into hydrochlorplatinic add. 

REACTIONS IN THE DRY WAT. 

All platinum compounds, when heated with soda on charcoal, 
are reduced to the gray, spongy metal, which assumes a metallic 
lustre on being rubbed with a pestle in an agate mortar. It can bo 
distinguished from gold by its color, and from lead, tin, and silver 
by its infusibility and insolubility. 

Separation of Gold from Platinum. 

The piatinum is preciintated with a solution of ammonium 
chloride; after being filtered the solution is treated with ferroua 
sulphate to predpitate the gold. 


GROUP L (HYDROCHLORIC ACID GROUP.) 

To this group belong silver, mercury (in mercurous com- 
pounds), lead, thallium, and (under some drcumstances) tungsten. 


Silver, Ag. At. Wt. 107.03. 

Occurrence.— Silver occurs both native and cominned (chiefly 
with sulphur, arsenic, and antimony). 

Of the dlve^bearing minerals the following may be mentioned: 


Horn silver, Aigentite, Pyraiginite, and Proustite, 

Agra, AftS, 8 b(SAg)„ Aa(SAg),. 



silver is also found ^th tetrahedrite. and with galena. 
llUl^lie diver is of a pure ediite color, has the sp. gr. 10 . 5 , 
C., and absorto oxygen in the molten state, which it 
f^ (withtiiqrexp 1 od(^) on cooling. 
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The proper solvent for silver is nitric acid. It is insoluble' in 
dilute hydrochloric and sulphuric acids, but dissolves readily in boil> 
ing sulphuric acid, with evolution of sulphur dioxide: 

A^+ 2HjS 04 ■■ 2HjO+ SOj+ A^S04. 

The solubility of silver in concentrated sulphuric acid is made 
use of in separating silver from gold and platinum in alloys. 

Silver forms three oxides: 

Silver suboxide. Silver onde, Silver peroxide, 
Ag40, AgjO, AgjO,. 

Of tiiese oxides, Ag^O alone is a basic anhydride; only one series 
of salts is known. 

Silver oxide is a browiush-black powder, wluch'on being heated 
to 300” is completely decomposed into metal and oxygen. 

Most of the nlver salts are colorless; the following, however, 

. are colored: the bromide (yellow), the iodide (yellow), the sulphide 
(black), the phosphate (yellow), the arsenite (yellow), the arsenate 
(brown), and the chromate (reddish-brown). Most of the salts ate 
insoluble in water, and are blackened on exposure to the light. 
The mtrate, chlorate, perchlorate, fluoride, nitrite, sulphate, and 
acetate are soluble in water, the three latter with difiBculty. 

REACTIONS IN THE WET WAT. 

1. PotaMlum and Sodium Hydroxides predpitate brown sQver 
oxide, 

2AgN0,+2K0H-2KN0,+H,0+Ag,0, 

insoluble in an excess of the predpitant,but readily soluble in nitiio 
add and in ammonia. If the solution in ammoniit, is allowed to 
stand, black detonating silver is depodted, [A^I^O. 

2. Ammonia.— If aneutral solution of asilver salt is eautiouply 
treat^ with ammonia, the first drops produce a white piedpitate, ’ 
whidi changes quidk^ to the brown oxide, Ag^O. Thb greater ! . 
pari of the diver, hhiiwver, remains in sohitka as dher wuMmiaiiii , 
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idtnte, [Ag(NHs)s]N08,* and the oxide itself is dissolved by an 
excess of aounonia: 

Ag,0+2NH,+H,0-2[AgNHJ0H. 

3. Sodiom Carbonate precipitates white silver carbonate, which 
becomes yellow on being boiled, being slightly decomposed into 
oxide, with loss of carbon dioxide: 

2AgNO,+Na,CO,-2NaNO,+Ag,CO,; 

Ag,C0,-Ag,0+C0,. 

4. Anunoninm Carbonate produces the same precipitate, but 
it is soluble in an excess of this reagent. 

5. Sodium Phosphate throws down in neutral silver solutions 
a yeUow precipitate of silver phosphate: 

3 AgN 0 ,+ 2 NajHP 04 - 3 NaN 0 ,+NaH,P 0 .+AftP 04 . 

Silver phosphate is easily soluble in nitric acid and in ammonia. 
The solution of the phosphate in ammonia is due to the formation 
of a complex silver ammonium phosphate, perhaps 

Ag^4+3NH,-(AgNHJ,P04. 

By neutralising the ammoniacal solution with nitric add, or the 
nitric add solution with ammonia, the silver phosphate is repre* 
dictated. 

6. Hydrochloric Add and Soluble Chlorides predpitate from 
neutral and add solutions white, curdy diver chloride: ' 

AgNO,+ HO- Aga+ HNO,. 

Slv«r diloride is perceptibly soluble in pure water, particulariy 
on bdling, but it is quite insoluble if an bxceas of silver nitrate or of 
l^ydioehlorie add is present (mass action, cf. p. 15, under Barium 
Suliihate). 

Silver diloride ^UssoWes to a condderable extent in a large ex- 


*0t. A. Bsydiler, Own, CsntnlU., 1904, 1, p. 210. 
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oeas of hydrochloric acid or of alkali chtoride, wUIe it is abnoBt . 
insoluble in dilute nitric acid. 

It is very soluble in ammonia, 

AgCl +2NH,-[Ag(NHa)a]a, 

but is reprecifdtated on addition of nitric acid to tide solution; 

. [Ag(NH,)3]a+2HN08-2NH4N0s+Aga. 

Silver chloride is also readily soluble in potasmum cyanide solu* 
tion, 

Aga+2KCN-Ag(CN)^+Ka, 

and if sudi a solution is acidified, alver cyanide will be predin- 
tated, with evolution of prussic acid: 

Ag(CN),K+HN0,-KN‘0,+HCN+AgCN. 

In the absence of acid, alver chloride is also readily soluble m a 
solution of sodium thiosulphate: 

2AgCll+3NajS,0,-[Ag,(Si0^JNa«+2Naa 

On boiUng this solution, alver sulphide is not predpitated. 

Silver chloride is slowly attacked by boiling, concentrated sul-* 
phuric acid, mth evolution of hydrochloric acid, and the forma* 
tion of crystalline mlver sulphate, insoluble in sulphuric w dd , 

By boiling with caustic soda or caustic potash solution, mlver 
chloride is only partially decomposed; in the cold it is 
Sodium carbonate solution does not affect it; but by fusing with 
sodium carbonate it is completely decomposed: 

2AgC!l+NajOO,-2Naa+CO,+0+Aft. 

By furing diver chloride itself a yellow liquid is obtained, whieh 
oh cooling solidifies to a homy mass. 

7. Pptassiiim Iodide predpitates yhUow, cur^, silm iodide^ : 
;ibiiiBtinsdluble in ammonia, but easily solttUe in potidihiBi'qyK^ 
n^ an4|odium thiaosulphate' solutions. 
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8. Feixous Sul^to preciintateB gray metallio sQver from boil- 
ing solutions: 

3AgNO,+ SFeSO,- F^(SO,),+ Fe(NO,),+ 3Ag. 

Frequency a basic ferric salt is precipitated at the samo time, 
particularly from very dilute solutions. 

9. Zinc, having a greater solution pressuro than silver, precipi- 
tates the latter from neutral solutions. Similarly, if insoluble silver 
chloride is covered with dilute sulphuric acid and a piece of 
zinc placed in contact with the chloride, the latter will be reduced 
to metal. 

2AgCl 't'Zn ZnCl] 4* Ag 2 . 

10. Hydrogen Sulphide precipitates from neutral, ammoniacal, 
and acid solutions black mlver sulphide, 

2AgNO,+ H^-2HNO,+Ag,S, 

insoluble in ammonia, alkali sulphides, and dilute potassium cyanide 
solution. Silver sulphide is perceptibly soluble in a concentrated 
solution of potassium cyanide,* and easily soluble in hot dilute nitric 
add, with separation of sulphur and formation of silver nitrate. 

... . Potassium Chromate precipitates brownish-red silver chro- 
mate, soluble in ammonia and in nitric acid, 

2AgNO,+ K,CrO,-2KNO,+ Ag,CrO,. 

12. Potasdum Dichromate precipitates reddish-brown silver 
dichromate soluble in ammonia and in nitric acid: 

2AgN0,+K,C!r,0,-2KN0,+Ag,Cr,0,. 

BBACnONS IN THE DRY WAY. 

Fused with soda on charcoal, all silver compounds yield a white, 
malleable, metallic button without incrustation (difference from 
lead and tin), readily soluble in nitric add (difference from ^). ' 

* If a oonddenUe amount of eoneentiated potassium cyanide sohition b 
sziisd with a sihsr solntion, and dilute faydngm sulphide added, no pndp- 
ib^ b fbnned at diet; but gmdualiy silver sulphi^ b fosmed, and with 
sspin hydiepn si^Ude tiw dher b an pndpitated. 
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The solution is not precipitated by very dilute sulphuric acid| but 
is immediately precipitated by hydrochloric add (difference from 
lead). 

The reactions of lead and mercurous compounds ^have already 
been described (pp. 166, 163). ^ 

Separation of Silver, Lead, and Mercurous Compounds. 

The chlorides of these three metals are precipitated by hydro- 
chloric acid. [Lead is partly found in the filtrate, and is, Iberefore, 
always tested for in the hydrogen sulphide group.] The chlorides 
are filtered, washed with a little cold water, boiled with a consider- 
able quantity of water, and filtered hot. 


Rbsidttb: [AgCl, HgjCl,]. 

It is treated with ammonia and 
filtered:*** 


Hesidue: 

Hg<gH»+Hg, 

black, showing 
presence of msr- 
surp. 


Solution: 

AgNH,a 
It is acidified 
with HNO|, when 
a white precip- 
itate of A|^ 
shows the pres- 
ence of stliwr. 


Solution: Fbd,. 

On cooling the solution, erytUli 
of lead chloride will separate out if 
considerable lead is present. The 
solution is treated with dilute sul- 
phuric acid, whereby difficultly solu- 
ble white lead sulphate is formed; 
or it is treated with potassium di- 
ehrom.ate solution, when a yellow 
precipitate shows the pieeence of 
lead. 


^ According to A. Thiel (Allgem. chem. Zeit., 1004) a ttmAll amount of 
silver chloride in the presence of considerable mercurous chloride cannot be 
dissolved by means of ammonia. Thiel, therefore, first treats the chlorides 
of silver and mercury with bromine water, thereby oxidising the mereuious 
■idt, 

Hg^+Br,»HgCl,+HgBr,, 

which goes into solution, leaving the silver diloride The latter is 

filtered off, dissolved in ammonia, and tested as above. 




EE ACTIONS OF THE METALLOIDS (ANIONS). 

In order to detect a metalloid, it is almost always necessary to 
get it in the form of an acid. The acids, as well as their sa)ts, are 
idways more or less dissociated into electropositive cathions, and 
electro-negative anions. Up to this point we have concerned our- 
selves chiefly with the study of the cations. In the following 
section of the book we will study the behavior of the anions. 

The presence of hydrogen ions in aqueous solutions is the char- 
acteristic of all acids; upon it alone the acid reaction depends. In 
the Introduction (p. 19e) we have mentioned methyl orange as 
a typical reagent which can be used in testing for hydrogen inns. 
There are other organic dyestuffs which undergo a corresixniding 
change of color on coming in contact with hydrogen ions, and 
which may be used as acid indicators. Among these sul)stanc(>s are 
litmus and laemoid (colored red by acids), Congo red (changing to 
blue), etc. 

DIVISION OF THE AaDS INTO GROUPS. 

The classification of the acids which we prefer was first pub- 
lished by R. Bunsen in 1878 (in manuscript form) for the use of his 
studmtB; it has been adopted (with his consent) by V. Me 3 rer and 
the autiior in thdr “Tatellen zur qualitativen Analyse." This 
daseification is based upon the different solubilities of the barium 
sad diver salts of the differmt adds. 

Group I 

indudes those adds whose sffoer salts are imdtMe in looter and in 
nUrie acid, but whose bortum salts are soIuUe m uuter. 
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To grotp belong hydioeblorie, hydiobiDmic, bjdtiodio, 
hydroferrocyaoic, bydioferricyanic, sulphocyaoib, and hypochk)- 
Tous acids. 

Groop II 

contains those adds whose tUver salts ate tcMie in mbtc add, but 
are ituduible, ^or dtfjiadtty tdvbU, in water, and whose barium salts 
are soluble in water. 

To this group belong hydrosulphuric, hydiosdenio, hydro- 
telluric, nitrous, acetic, cyanic, and hypophosphorous adds. 

Gboup III. 

comprises those adds whose silver salts are w/rite and soluble in 
nitric acid, but whose barium salts are difficultly soluble or insobMe 
in water, but soluble in nitric acid. 

To this group belong sulphurous, selenous, tellurous, phos- 
phorous, carbonic, oxalic, iodic, boric, molybdic (selenio and tel- 
luric), tartaric, citric, meta- and pyrophosphoric acids. 

Group IV 

contains those adds whose silver salts are eoiored and soluble in 
nitric acid, but whose barium salts are insoluble in water and soluble 
in nitric acid. 

To this group belong phosphoric, arsenic, arsenious, vanadic, 
tluosulphuric, chromic, and periodic adds. 

Group V 

comprises those adds whose silver and barium salts are soluble in 
water. 

To this group belong nitric, chloric, perchloric, and the man- 
ganic adds. 

Group VI 

comprises those adds whose silver salts are soluble in water, but 
whose barium salts are insobMe in nilric acid. 

To this group bdong sulphuric, hydrofluoric, and hydiufluo- 
silidcadds. 

Group. VII 

contains non-volaUle adds, wfait^ sduble salts with the oUcr^ v 
lies alone. 

To this group bdong dlido, tungstb, titanie, niobie, tantdltib ^ 
:aiidsifuoine;|||^. 
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GROUP L 

SUtct Ritrats produces a precipitate insoluble in nitric add. 

Barium Chlorite causes no precipitation. 

HYDROCHLORIC ACID, HQ. * 

OccurrcBcc.— Hydrochloric acid is found free in nature, but in 
email quantities (for example, in the exhalations of active volca- 
noes); its salts, however, are exceedingly common, especially those 
with the alkalies. (See these.) 

Preparation . — ^Hydrochloric acid is set free by the action of con- 
centrated sulphuric acid upon any chloride. Ordinary rock salt is 
usually tised, it being the cheapest chloride. 

If sulphuric add is allowed to act upon ordinary salt, a condder- 
able evolution of hydrochloric acid takes place even in the cold, 
with the formation of monosodium sulphate: 

NaQ-l- H,S04- NaHS04+ HO. 

And, on warming, the monosodium sulphate reacts with more 
sodium chloride: 

NaHS 04 +NaCl-Na^«-|-Ha. 

Hydrochloric add may also be prepared by the action of water on 
rrrany add chlorides: 

PCI,+3H,0-P0,H,-|- 3HC1. 

Propoftm.— Hydrochloric acid is a colorless gas, with a suffo- 
cating odor, and forms dense douds in moist dr. It is readily solu- 
Ue in water (one volume of water dissolves, at 18° C., 451 volumes 
of hydrochloric add). The sp. gr. of the saturated aqueous solu- 
tion is 1.21, and 100 gm. of this solution contains 42.3 gm. of 
hydrochloric add gas. The ordinary commercid hydrochloric 
add is of ap. gr. 1.18 to 1.10, and contdns 36 to 38 per cent of the 
gas. The aqueous aolittion of hydrochloric acid is one of our 
strongeat adda In dilute solution it is almost entirdy dissociated, 

. Uatstfi-hd, 

IQ that nieh a adntioii ii a good conductor of electridty. 
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The behavior of hydroMorie add on oxidation it edremdy tharao- 
teridie; the hydrogen it eompUtdy burned to water, and Marine it eel 
free: 

2aH+0-H,0+CI,. 

This oxidation vnll not take place on exposure to atmospheric, 
or even pure, oxygen, but only by nascent o^^gen under oertun 
definite conditions. 

Thus the following classes of substances will oxidize concen- 
trated hydrochloric acid (sometimes in the cold): The peroxides of 
the heavy metals,* all nitrates, nitrites, chlorates, hypochlorites, chnh 
mates, tdenates, and teUurates. 

i. Oxidation of Hydrochloric Add by Means of Peroxides. 

(a) By manganese dioxide: 

2Ha+Mn0,-H,0+Mn0+CI,. 

One atom of oxygen from thd manganese dioxide molecule is availac 
ble for oxidation. The manguiese dioxide is reduced to mibga* 
nese monoxide; and the latter, being the anhydride of a base, 
unites with more of the hydrochloric acid to form manganous chlo- 
ride: 

Mn0+2Ha-MnCl,+H,0, 

so that the whole reaction may be represented the foUoiring 
equation: 

Mn0,+4Ha-MnCII,+2H,0+CI,. 

Some other add, preferably sulphuric, can be used for the neu- 
tralization of the manganese monoxide, so that the yield of chlorine 
from a given quantity of hydrochlorio add will be twice as laijge: 

Mn0,+2Ha+H^,-MnS0,+2H,0+C!l,. 

In the former case only half of the chlorine firam the Igfdio- 
dilorio add was set free; in the lattw the total c hl orine beeomee 
availaUe. 

.w. nhlnrins hul hjdriiii 

'’:pii<oadds: 

BaOb aHa • BaCV Hytv 
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(&) By lead •peroxide: 

. (a) 2C!lH+Pb0,-H,0+Pb0+a,; 

(6) PbO+2Ha-H,0+PbCl,. 

Total reaction: 

Pb0,+4HCl-2H,0+PbC!,+CI,. 

(c) By chromium Irioxide: 

(а) ^H6HC1-3H,0+Cr,0,+3CI,; 

(б) Cr,0,+6HCI-3H,0+2C3rCI,. 

Total reaction: 

2CrO,+ 12HCl-.6H,0+2CrCl,+3Cl,. 

a. Oxidation of Hydrochloric Acid by Nitric Acid, etc. 

Aa •ore saw in the Introduction (p. 4), the oxidizbg action of 
nitric acid depends upon the formation of the anhydride, which is 
then decomposed into nitric oxide and oxygen: 

2HN0,-H,0+N,0,; 

N,0,-2N0+30. 

If concentrated nitric acid is allowed to act upon concentrated 
hydroehloiio add, the latter is oxidized with evolution of chlorine: 

H,0,N,0„0,+ 6Ha-4H,0+ 2NO+ 3CI,. 

I , > 

2HNO, 

A part of the chlorine, however, combines with the nitric oxide, 
forming nitroqrl chloride, 

NO+a-NOCl 

so that the reaction, in reality, is as follows: 

HN0,+3Ha-2H,0+ Noa+cv 

A mixture of cme mdeouk of nitric add with three of hydro* 
ddorio add is known as 

Aqua Regia.— Tba adds we usually mixed, not according to 
fhsir waists, but accord^i to thdr volumes. 
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Aqua regia is, tlierefore, chlorine water, with the diatmction tfaal 
the chlorine exists in the nascent state; which explains why aqua 
regia is a much more energetic reagent than ordinary chlorine 
water. Nitrous acid, chloric acid, hypochlorous acid, selenio and 
telluric acids all act similarly with hydrochloric add. 

Hydrochloric acid is monovalent; its salts are called eUcridei. 

SohMity of CMoridea. 

Nearly all chlorides are soluble in water, but the following are 
insoluble: 

Mercurous chlorideiH^Cl,. Aurous chloride, AuO. 

Silver chloride, Ag^. Platinous chloride, PtC3,. 

Cuprous chloride, Cu,Gl,. Bismuth oxychloride, BiOCl. 

Lead chloride, PbCl,. Antimony oxychloride, SbOd. 

Thallium chloride, TlGl. Mercuric oxychloride, H^C1,0. 

Of these chlorides which are insoluble in water all, with the 
exception of silver chloride, aurous chloride, and platinous chloride, 
are soluble in strong hydrochloric add. They are all soluble in 
aqua regia, with the exception of silver chloride. 

By boiUng these insoluble chlorides in a concentrated solution 
of sodiiun carbonate, ail, with the exception of silver chloride a gain, 
are readily decomposed; e.g.t 

Hg,Cl,+Na,CO,-2NaCl+G0i+Hg,O. 

By filtration a chloride solution is obtained which is free from 
heavy metal. 

By fusing with sodium carbonate, even diver chloride is decom* 
posed, ' . 

2AgCl+Na,00,-2NaCl+00,+0+Ag^ \ 

and silver chloride may also be decomposed by nascent hydro|^ 
(cf.p. 241). 

*^0 deliquescent chlorides (fithium, caldum, and stnmium) 
are all soluble in dsaolote alcohol and in amyl ahsdioL 

The chlorides of potasdum, sodium, and t^um ace almost 
^tirely insoluble in ermcentisted hydroddmic add; they ean^ thecerV 
fen, be ead^ separated from the rondiiing ddoridea whldi 
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goluble in water by saturating the solution with hydrochloric acid 

Most all chlorides are insoluble in ether, with the exception of 
mercuric, stannous, and stannic chlorides. 

BEAcnoNs cer chlorides in the wet way. 

A neutral solution of an alkali chloride should be used for these 
reactions. 

like hydrochloric acid, most chlorides are practically com* 
pletely dissociated in dilute aqueous solution: 

Ra?=iR+d. 

The chlorine of hydrochloric acid (or the soluble chloride) is 
present in the form of the chlorine ion. It is, therefore, a matter 
of indifference which chloride Wc take for the following reactions, 
provided there is no independent reaction taking place due to the 
presence of the cation. If an alkali chloride is used such reactions 
will not take place, consequently a neutral alkali salt is usually 
used for tiie anion test. 

1. Dilute Sulphuric Acid (1 : 10) produces no reaction, even 
on warming. 

2. Concentrated Sulphuric Acid* decomposes the chloride 
almost completely in the cold, completely on warming. Sulphate 
and colorless hydrochloric acid gas result from this reaction; and 
the latter is eatily recognized by its odor, by the clouds which it 
forms in moist air or with ammonia vapors (obtained by holding a 
glass rod wet with ammonia near the test-tube), and by its tuniing 
mcHst blue litmua^per red. Water is not made turbid by hydro- 
chlorio add (difference from hydrofluosilicic acid). 

’ Silver chloride and mercurous chloride are decomposed witit 
difficulty by sulphuric add, the latter with evolution of sulphur 
dioxide; the meneurous sulphate (which is at first formed) is 
oxidized (at the expeaae of the oxygen of the sulphuric add) to 
mereurie i^iffiate: 

(o) HftCl,+H^4-Hft)30«+2HCl; 

(6) Hg,S04+2H^4-.2HgS04+ 21^0+80,. 

. AtidB siaetioa b best petfonned whit a solid ohlorido in a small tsst-tuba. 
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3. ^ver mtiate produces a white, curdy predintate of silvcar 
chloride, 

RCH-A^O,-RNO,+Aga, 

insoluble in nitric acid, soluble in anunonia, potasmum cyanide, and 
sodium thiosulphate solutions. (See Silver.) 

From a solution of rilver chloride in ammonia, adds repredpi- 
tate silver chloride. From a solution in potasdum cyanide, adds 
precipitate silver cyanide. If it b dcdred to test a solution of feiv 
rous sulphate for the presence of a small amount of chloride, it must 
be strongly acidified with nitric acid, as otherwise a prcdpitate of 
metallic silver will be obtained, which may cause confudon (cf. 
p. 241). The best way to test the solution of ferrous sulphate for 
hydrochloric acid b to add sodium carbonate solution until alka- 
Une, boil, and filter. In the filtrate the adds originally present ate 
now in the form of their sodium salts, in the presence of an excess 
of sodium carbonate; and the latter should be neutralized with 
nitric acid before the diver nitrate b added. 

The detection of chloride when present in the form of chloride 
of a heavy metal b accomplbhed in a dmilar manner; and, with the 
exception of silver chloride, any insoluble chloride may be decom* 
posed in the same way, by boiling with sodium carbonate solution. 

In order to confirm the presence of chlorine in silver chloride, it 
b treated with dilute sulphuric acid, a piece of zinc added, and after 
a littb wlule the solution b poured off from the depodted silver 
and tested with diver nitrate: 


2Aga+2ki-ZnCl,+Ag^ • 


4. Potasdum Dichrouuite and Sulphuric Add.— If a dry ehlo> 
ride b mixed with potasdum dichromate, concentrated sulphuric 
add added, and the mixture heated in a small retort, brownish 
vapors arc pvea off wfaidi are condensed, in the reedver, to abrown 
liqmd (chromyl chloride, : 


K,Cr,O,+4NaCl+3H^4-3H,O+2NajSO4+K^4+2Cr0iCIy 


Chromyl chloride b an add chloride, and b, therefore, d e com p ose d 
Iqr w|^ into ehromio and hydrochloric adds: 


Crp,CI,+ 2 H, 0 -H,Ci 04 + ffla 
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On adding caustic soda or potash, an alkali chloride and a yellow 
alkali chromate are obtained. If the solution is then acidified, some 
ether and a little hydrogen peroxide added, and tlie liquid shaken, 
the upper ether layer will be colored blue, showing the presence of 
chromium; and the presenoe of chromium indicates that a chloride 
was ori^nally present (difference from bromine and iodine). 

Behavior of Chlorides on Ignition. 

The chlorides of the alkalies and alkaline earths melt (without 
perceptible decomposition) on being heated in the air. 

The chlorides of the sesquioxides are decomposed, more or less 
completely, on being ignited in the air. Thus, ferric chloride is 
almost quantitatively decomposed into ferric oxide, with loss of 
chlorine: 

2FeCl,+ 30 - Fe,0,+ 3C1,. 

The chlorides of gold and of the platinum metals are readily 
decomposed into chlorine and metal: 

2AuCl|*** 2Au "t"3Clj; 

pta4-pt+2Ci,. 

The remaining chlorides are mostly volatile, without perceptible 
decomporition. 


Detection of Chlorine in Non-electrolytes. 

Betides uniting with metals and with hydrogen, chlorine also 
forms compounds with the metalloids; e.g., Pd,, PCI,, AsCl,, AsCl,, 
8bCl„ Sba„ Oa«, Sid,, etc. 

All these compound, which may be regarded as acid chlorides, 
are decomposed by water with the formation of hydrochloric acid 
(which can be tested for in the usual way). Thiti, phosphoroiu 
trichloride 3 rields with water phosphorous acid and hydrochloric 
add, 

PCI,+3H0H-H,P0,+ 3Hd, 

and idiosidioioas pentaohloride yields phosphoric add and hydro- 
: itih^o arid: 

P€I,+4H0H-H,P04-f-5Hd. 
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The remiuning acid chlorides are decomposed in 
water at the ordinary temperature, witii the exoe] 
tetrachloride, wluch is only decomposed by heating 
dosed tube as follows: 

■V 

Ca4+2H,0=C0,+ 4Ha 

Chlorine acts upon a great many hydrocarbons, fonrf^B substi- 
tution products which are non-eloctrolytes, and consequ®^^y 
not give the chloride tests; for example, if chloroform, CHCl,, is 
shaken with a solution of aqueous silver nitrate, it will 
a precipitate of silver chloride. In order to test such (ijt>nipounds 
for chlorine (as is frequently necessary in the study of orjj^'*^^® 
pounds), the chlorine must be changed to hydrochloric act^ 
of the following methods: I 

1. Carius’ Method.— By heating the compound in a seaW 
tube with concentrated nitric acid, in the presence of silver \V?' 
the compound is completely decomposed, and all the chlo\^ 
changed to diver chloride, which can be filtered off; and,^ 
treatment \rith sine and dilute sulphuric acid, can be tested as a 

2. By Heatiog with Lime.— A layer of granular lime (free F°“ 
chloride), then a mixture of the substance to be tested with 

and finally another layer of lime are placed in a small glima 
which should be about 25 cm. long and about 1 cm. wide. I 

By gently tapping the tube, a canal is qpened between the upW 
wall of the tube and the substance, through which the pMp. evolv***^ 
may escape. The tube is then placed horizontally in a ooiS^* 
busrion furnace and heated (first the front layer of lime, t|w^ 
die back layer, and finally the entire contents of the tube) to 
dull red heat. 1 

By this means the oiganio substance will be completdy dew wn r 
posed, and the chlorine will be found combined with the k>»m» in tin 
form of calcium chloride. J 

After cooling, 'the contents of the tube should be dissolved M\ 
dilute nitric add, the earixm filtered off, and the filtrate t eH i w i 4 

diver nitrate for eUoiine. ions. iv 

3. Traatmeitt witli SctBi mi r ' A small amount of the dry .scAn |j' 
stance to be tested is placed ha a small test4ube, a woiJl pic^ oi f 
sodium (freed from p^Iemn) is added, and tte metid 
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with another layer of the substance. The tube is then heated in 
the gas-flame, the decomposition taking place suddenly with in- 
candescence. The still hot tube is transferred to a small beaker 
containing water [which breaks the tube] and sodium chloride dis- 
solves with other sodium compounds. The solution is Altered, 
acidified with nitric add, and then tested with silver nitrate for 
halogens. 


Free Chlorihe. 

Chlorine (produced by the orddation of hydrochloric acid or 
by igniting various chlorides) b a grccnbh-ycllow gas, with a sulTo- 
cating odor. It is absorbed by water (one volume of water absorbs 
at lO^’C. about 2.7 volumes of chlorine gas), forming chlorine water, 
a yellowbh-green liquid, and a poor conductor of electricity (al- 
though better than pure water, shomng that some ions are pn’sent). 
Chlorine probably decomposes water to a slight extent, forming 
hydrochloric acid and hypochlorous acid: 

HOH+Cl,?=rHCl+HOCl. 

If the adds formed are removed by the addition of alkali, the 
reaction proceeds quantitatively in the direction from left to right! 

Cl,+2NaOH-NaCl+ NaOCl+ H,0. 

Chlorine water b a strong oxi^zing agent (cf. p. 4), which can be 
^ explained by assuming that water b decomposed by the chlorine, 
forming hydrochloric add and setting free oxygen: 

H,0+Cl,-2HCl+0. 

A better explanation b the following: First of all, hydrochlorio 
and hypochlorous adds are formed, and the latter b then decom- 
posed into hydrocUoric add and oxygen: 

H,0+CI,-Ha-l-HOGl; 

H(X3-Ha+0. 

Thb deoomposition of chlorine water takes place slowly in the 
v daric, but more nqndly in the light, and in the presence of oxidb- 
I a^ substaaces. The Ueaching action of chlorine water depends 
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upon this oxidizing action. Thus, indigo solution is deodorized, 
tite indigo being oxidized to isatin: 

C„H„N,0,+ 0,=2C,H,N0,. 

ludigo Iwtin 

If a solution of potasrium iodide is treated with chlorine water, 
iodine is set free, and the solution turns yellow to brown: 

2KI+C1,-2KC1+I,. 

If the yellow solution is shaken with carbon disulphide, or chlo- 
roform, the iodine is absorbed by these reagents and they assume a ' 
reddish-violet color. By the addition of more chlorine water the. 
solution becomes colorless, owing to the oxidation of the iodine to 
odorless iodic add: 

l,+ 6H,0+ 6C1.- 10HCI+ 2H10^ 

The free iodine can-also be detected by the addition of some 
starch paste (instead of carbon disulphide, etc.), which is turned 
blue by iodine. 

^▼er Nitrate ^ves a white precipitate of silver chloride in 
chlorine water; but this predpitation is not quantitative, for one 
sixth of the chlorine is changed into soluble silver chlorate: 

6a+6AgN0,+ 3H,0-6Aga+Aga0,-|-6HN0,. 

On adding a slight excess of sulphurous acid to chlorine water 
the chlorine is readily and completely changed into hydrochloric 
add: 

0,-1- H,0+ 2Hd 

From this solution the chlorine can be predpitated quantita- 
tivdy by a diver solution. 

dilorinc may also be eadly changed into the form of a chloride 
by the addition of ammonia. At first, ammonium chloride and 
ammonium hypochlorite are formed: 

Cl 2 + 2 NH 40 H-NH,a-h NH,aO-i- H,0. 

The ammonium hypochlorite immediatdy oxidizes more of the am* 
numia, with evoluticm of nitrogen: 

8NH40a+ 2NH,-3H,0+N,+3NHA 
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The total ivaction is, therefore, 

3Cla+ 6NH«0H+ 2NH,-6H,0+ 6NH«a+ N,. 

Odorine can be changed to a chloride by the action of hydrogen 
peroxide in the presence oi sodium or imtassium hydroxide: 

CI 2 + 2NaOH - Naa+ NaOCl+ H,0, 
and Naa0+H,0,-H,0+Naa+0,. 

Metallic Mercury is attacked by chlorine at the ordinary tem* 
perature, forming insoluble mercurous chloride. 

If therefore chlorine water is shaken with metallic mercury until 
it no longer smells of chlorine, a neutral solution is obtained which 
contiuns no chlorine. If hydrochloric acid is present, the solution 
now reacts acid, and pves a precipitate with silver nitrate, for me* 
tallic mercury is not attacked by hydrochloric acid. This reaction 
is made use of in testing for hydrochloric acid in the presence of 
chlorine. 


BrpocHLORons Aao, HOCl. 

Preparation . — A solution of free hypochlorous acid is obtained 
by shaking chlorine water with yellow mercuric oxide until the 
solution no longer smells of chlorine: 

Hg-a 

2Hg0+2Gl,+H,0- ^+2HOC!L 

Hg^ 

Brown, insoluble mercuric oxychloride is formed by the reaction, 
and tile solution contains hypochlorous add. If the solution is 
poured off from the insoluble bade mercuric salt, and distilled, a 
pure solution of hypochlorous acid will be obtained; which, how* 
ever, cannot be kept long in the light,- for it decomposes into hydro* 
ehhnic add and oxygen: 

2H0Cl>-2Ha+O,. 

Hypochlorous add is a vigorous bleaching agent; litmus and 
indigo are quiddy deodorised. 

Hie alkidi salts of hypochlorous add (hypochlorites) are ob- 
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♦jutiftfi by neutralizing the acid with dilute sodium dr potassium 
hydroxide; or, more conveniently, by the action of chlorine on a 
dilute caustic alkidi solution: 

01,+ 2KOH - Ka+ KOa+ H,0. 

The ammonium salt cannot be prepared, because it is imme- 
diately decomposed, acting upon the excess of ammonia present 
(cf. p. 254). 

All hypochlorites aife readily changed, on wanning, into chlo- 
rate * and chloride (cf. p. 122, foot note): 

Koa 

KlOia-2KCl+KaO,; 

Klg|a 

consequently h3rpochloritc3 must always be prepared in cold dilute 
solution. 

The most important commercial hypochlorite is the so-called 
“ chloride of lime,” which is obtiuned by passing chlorine gas over 
lime at the ordinary temperature. 

llEACTIONS IN THE WET WAT. 

All hypochlorites are soluble in water, and are decomposed by 
adds (carbonic acid oven). 

Hydrochloric Add is oxidized by hypochlorites with evolution 
of dilorine. 

NaOCl+ 2Ha- NaCl+ H,0+ Ca,. 

Sulphuric Add decomposes hypochlorites, setting free hypo- 
chlorous add: 

NaOa+ H,S04- NaHSO,+ HCX31; 
and carbonic acid ^ots dmilariy; 

2Na(Xn+H,0O,-Na»CO,+2HOa 

It is due to t^ fact that the hypochlorites are so leadity’ decom- 
posed witii the formation of chlorine that they act as strong Ueadi- 
ing agents; indigo solution (a solution of indigo in Bu4)horio add) 
bdng immediatdy decolorized. * 

Hjrpodiloritee act as oxithaing agents not only in add eolutioai%~ 

e hi UMptennee of 40% or more d cajstfe potarii the petaadtUB lonpOK 
.CUcrite on bdng heated deeampaMs into chlatide with evohttion o| 
and^^lhe fomution cl no pe(ohtoiate(y. Wiuleler, Zdteelir.f. anfsir. ClMSii^l 
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but also in alkaline solutions at ordinary temperatures (difference 
from chlorates); many metallic hydroxides being oxidized by them 
to higher hydroxides. Thus, ferrous hydroxide is readily oxidized 
.to reddish-brown ferric hydroxide; manganous, nickelous, and 
cobaltous hydroxides are oxidized to brownish-black hydroxides: 

2Fe(OH),+ NaOa+ H,0- NaCl+ 2Fe(OH),; 

Mn(OH),+ NaOa=NaCl+ MnO,H,; 

2Ni(OH),-|- NaOCl +11,0 - NaCl+ 2Ni(0H),; 

2Co(OH),+ NaOCl+ H,0 ■» NaCIf 2C.)(0H),. 

lodo-Starch Paper is turned blue by hyix>chIorites in weakly 
alkaline solutions, owing to the separation of iodine: 

2KI+ NaOCl+ H,0 - 2K0H+ NaCl+ 1,. 

This reaction is not quantitative, because the iodine reacts, to 
some extent, upon the potassium hydroxide, forming potassium 
hypoiodite and potassium iodide: 

21+ 2K0H <=t KI+ KIO+ H,0. 

But as this reaction is reversible, the extent to which it takes 
place must depend upon the concentration of the potassium hy- 
droxide; and in dilute solutions enough iodine will bo present to 
produce the blue coloration with the starch. 

Metallic Mercury. — ^If a solution containing free hypochlorous 
acid is shaken with metallic mercury, brown basic 'mercuric chlo- 
ride is formed, insoluble in water, but soluble in hydrochloric acid; 

2Hg+ 2H0a- Hg,Cl,p+ H,0. 

Under these same conditions free chlorine forms, on being shaken 
witir mercuiy, white mercurous chloride, which is insoluble in 
hydrochloric acid. 

Tins property is utilized in detecting hypochlorous acid in the 
presence of free chlorine. The mixture is shaken with mercury 
until a littie of the solution no longer turns iodo-starch paper blue; 
the liquid is then carefully poured off, hydrochloric acid is added to 
the reodue, and the mixture is shaken, when the basic chloride 
jirodueed bjr hypochlorous add goes into solution: 

Hgy(a,0+2Ha-I^0+2HgGI„ 

: meteuroas ehlotide remains undissolved. 
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If hydrogen sulphide is passed into toe filtered solution, the 
formation of mercuric sulphide shows that hypochlorous add was 
originally present. 

The salts of hypochlorous acid behave differently towards mer^ 
cury than is toe case with toe free add; they form insoluble mer* 
curie oxide and a soluble chloride: 

Hg+NaOa-HgO+Naa. 

Silver Nitrate causds in solutions of hypochlorites an incom- 
plete predpitation of silver chloride. One third of the chlorine 
remains in solution in the form of chlorate: 

3NaOa+ 3AgNO,-3NaNO,+ AgC10,+ 2Aga. 

First of all, the unstable eilver hypochlorite is formed; 

3NaOa+3AgNO,-3NaNO,+3AgOa, 
which is immediately decomposed into chlorate and chloride: 
3Agoa-Agao,+2Aga. 

Hypochlorous add is distinguished from chlorine by its be- 
havior towards mercury; from hydrochloric acid by its ‘oxidizing 
action; and from chloric acid by its bdng partly predpitated by 
silver nitrate, and by its oxidizi^ action in alkaline solutions. 

Btdbobromic Acid, HBr. 

Occurrence.— Bromine compoxmds ate constantly found in nature 
in company with those of chlorine; so that salts of hydrobromio 
add are found m toe ocean and in many mineral waters. 

Preporalim.— Hydrobromio add is formed the action of 
sulphuric fteid upon abromide: 

2NaBr+H,^04-Na,90«-|-^Br. 

But the hydrobromio add* obtdned by means of this reaction is 
never pure, being contaminated with bromine; a part of tiie hydro- • 
^ bromic add is oxidised by the suliriiaric add: 

2BrH+H^,p-H,0-HHgS0,+Bii. 
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The more concentrated t}ie sulphuric add used, the larger wilt 
be the yield of bromine. 

If dilute sulphuric acid (SH^SOi : 1H,0) is used, the hydv(H 
bromic acid obtained is almost free from bromine. 

Pure hydrobroniic acid may be obtained by the aotion of an. 
add bromide upon water: 

PBr,+ 3HOH- P(OH),+ 3HBr. 

Properties . — ^Hydrobromic acid (like hydrochloric acid) is a col-^ 
orless gas with a suffocating odor, having the property of fuming 
in moist air and forming clouds of ammonium bromide with vapors 
of ammonia. It is very soluble in water. The ctmeentrated solu- 
tion has the sp. gr. 1.78 and contains 82 per cent of hydrobromio 
acid. The affinity of bromine for hydrogen is greater than that ot 
iodine, but less than that of chlorine. 

While hydrochloric acid can be kept in aqueous solution for an 
indefinitely long time, a solution of hydrobromic acid soon turns- 
brown, owing to the separation of bromine. Hydrobromic acid is 
oxidized by atmospheric oxygen: 

2HBr+0-H,0+Br,. 

As hydrobromic add is so easily decomposed into its elements,, 
it attaclm metals readily, even metals which are unattacked by 
hydrochloric acid. Thus, bright copper is promptly dissolved by 
hydrobromic acid, with evolution of hydiogen and formation of 
cuprous bromide: 

Cu,+ 2HBr—Cu,Br,+ H,. 

As hydrobromic add is oxidized by atmospheric oxygen, it 
* follows that it is much more readily oxidized by nascent oxygen. 
Thus, it is oxidized, with separation of bromine, by peroxides, 
nitrates, nitrites, chromates, etc., provided a concentrated solution 
of hydrobromic add is used. 

Hydrobromic add is a monobasic add; its salts are called 
bromides. 

The solubility of a bromide is about the same as that of the^ 
^ emresponding chlorine compound. 
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BKACnONS IN THE WET WAT. 

1. Dilute Sulphuric Acid (1 : 10) evolves no hydrobromic add 
from bromides in the cold, but does so on wanning from bromides 
of the alkalies. 

2. Concentrated Sulphuric Add causes evolution of hydro- 
bromic acid and bromine from all bromides. The solution is brown, 
and, on warming, yellomsh-brown vapors are ^ven off (difference 
from hydrochloric acid); which, as they contain hydrobromic add, 
fume in moist air, have a suffocating odor, and do not render water 
turbid (difference from hydrofluodlidc add). 

3. ^ver mtrate produces a curdy, yellowidi predpitate of 
diver bromide, insoluble in nitric add, but soluble in ammonia, 
potasdum cyanide, and sodium thiosulphate. 

If silver ehloride is digested with potasdum bromide, the former 
will be changed into diver bromide: 

AgCl+ KBr- AgBr+ KG. 

If, however, diver bromide is heated and 'treated with 
chlorine, it is readily changed into diver chloride: 

AgBr+a-AgCl+Br. 

4. Chlorine Water, on bdng added to solutions of soluble bro- 
mides, sets free bromine, which is soluble in carbon disulphide or 
chloroform, forming a brown splution; but it is changed, by an 
excess of chlorine water, into yellowish chloride of bromine (BiO) 
(difference from iodine). 

5. Potasdum^iDicIminuitoi in the presence of dilute sulphuric 
£dd, effects nn Iji^Nurattion of bromine from aqueous solutions of 
bromides; , on ^ufi^g the solution with carbon disulphide, the 
latter remains nolcijriess (diffidence from iodine). 

6. Potasdum IMchromate and Concentrated Sulphuric Add — 
On nuxing a soUd bromide with solid potasdum dichromate, cover- 
mg the mixture with oonoentrated sulplnirio add and distilling, a* 
brovm distillate is obtabed (as with a diloride), whidi, howevn', : 
condsts of bronune and oontdns no chrcmiium: 

K,Cr,0,+6NaBr+7H|)904- 

-^«+3Na^4+Cr/S04),+7^0+3Brr 
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Oil adding dilute aodium hydroxide to the distillate, a colorless 
(or sometimes a faint yellow) solution is obtained; which, after 
being acidified with sulphuric acid, dot's not give the chromium 
reaction with dilute sulphuric acid and hydrogen peroxide * (differ* 
ence from chlorine). 

7. Nitrous Acid does not cause the separation of bromine from 
a dilute bromide solution in the cold (diffenuicc from iodine). 

Detection of Bromine in Non-electrolytes. 

The method of procedure is exactly the same as was given in the 
ease of chlorine in a non-electrolyte (see page 251). 

FRBB BROUIIB. 

Free bromine (which may be obtained by the oxidation of hydro- 
bromic acid) is a brown liquid at the ordinary temperature, and 
dissolves in water, forming a colored solution. The cold saturated 
solution of bromine contains 2-3 per cent of dissolved bromine. 
Concentrate hydrochloric acid at the ordinary temperatures dis- 
solves much more bromine, the saturated solution containing alMUt 
13 per cent of the substance. • 

Bromine, like chlorine, acts as a strong bleaching agent (oxidia- 
ing the color) and combines directly with metallic mercury, forming 
insoluble mercurous bromide. 

The detection of hydrobromic acid in the presence of bromine 
ia accomplished in predsely the same way as was described for the 
detection of hydrochloric acid in the presence of free chlorine (cf. 
p. 255). I 

Bromine acts upon the alkalies exactly as chlorine does: 

(а) In a cold dilute solution: 

Br,+2Na0H-NaBr-|-Na0Br+H,0. 

Sodium bypobromitu 

(б) On wanning: 

3Br,+6N80H-6NaBr-|-NaBt0,+3H,0. 

Sodium bronmto 

(e) Upon ammonia: 

3Br,+6NHpH+2NH,-6H,0-i-6NH«Br-i-N,. 

- ■ ■ ■ ■ — * 

*Ths aehition becooiea brown owing to the separation of bromine: 

NaBr+Na0Br4'^0«-Na,S0«-(-H^-l-Brt. 
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htdriodic Acid, HI. 

Occurrence.— Iodine occurs in nature as the iodide and as the 
iodate;* most frequently as the former, accompanying (in small 
amounts) chlorine and bromine; e.ff., in the ocean, in minend 
waters, etc. 

Preparation.— Hydriodic add maybe obtained pure by the 
action of an add iodide upon water: 

PI,+3H,0-P0A+3HI. 

If we attempt to prepare hydriodic add by the action of sul> 
phuric add upon iodides, even from dilute solutions, it is more di£S> 
cult than in the case of hydrobromic acid to obtain a pure pro> 
duct, on account of the slight affinity that iodine has for hydrogen. 
The hydriodic acid thus obtained always contains a large amount 
of iodine, together with the reduction products of sulphuric acid; 
the latter va^ng in compodtion according to the concentration 
of the acid employed and of the iodide solution. Thus, with con- 
siderable concentrated sulphuric acid, sulphur dioxide is obtained: 

(o) 2NaI+H,SO«-Na^O,+2HI. 

(6) H,S0,0+2HI-H,0 +H,S0,+ Iy 

I^O+S^ 

But if, on the other hand, conmderable hydriodic add is present, 
the sulphuric add is reduced down to hydrogen sulphide: 

H,S0«+8HI-.4H,0+HJ3+4Iy 

On heating condderable potasdum iodide with concentrated 
sulphuric add in a small test-tube, grasrish, solid iodine separates 
out, which is volatile on wanning, forming violet vapors. Further- 
more, hydrogen sulphide is given off at the same time, as can be 
readily shown by the lead acetate paper test (see Hydrogm Sul- 
phide). 

Ptwpeifies.— Hydriodic add is a colorless gas, with a suffocating 
odor; it fumes in mdst dr, and is readily soluble in water, forming 
a strongly-fuming liqmd of q>. gr. 1.9^2.0. On accoimt of the 
alight affinity whidi iodine possesses for hydrogen, an aqueous sohtr 

*To the extent of OlS per eent. in CSuli eeltpeler. 
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of hydriodie add is even more difficult to keep than a solution 
of hydrobromic add; it soon turns brown, owing to the separation 
of iodine: 

2HI+0(air) -H,0+I,. 

If hydrogen sulphide is conducted into tho brown solution, it is 
decolorized, with separation of sulphur: 

I,+H^-2HH-S. 

On account of the instability of hydriodie add, it attacks metals 
which are unaffected by both hydrochloric and hydrobromic adds; 
thus mercury is easily dissolved, with evolution of hydrogen: 

Hg+4HI-[HgIJH,+ H.. 

% 

Hydriodie add (like hydrochloric and hydrobromic acids) is oxi* 
lUzed by peroxides, nitrates, nitrites, chromates, etc., with separa- 
tion of iodine; only in this case the oxidation of the hydriodie acid 
takes place much more readily, so that a very dilute solution is oxi- 
ffized by nitrous and chromic acids even in the cold. (See next 
pages.) 

Hydriodie add is a monovalent acid; its salts arc called iodides. 

The solubiUties of the iodine compounds arc almost exactly 
analogous to the corresponding bromine and chlorine compounds. 
Mercuric iodide, Hgl,, and palladium iodide, Pdl„ arc, however, 
insoluble in water, while the corresponding chlorine and bromine 
compounds are soluble. 

REACnONS m THE WET WAT. 

1. Dilute Sulfuric Add (1 : 10) attacks the iodides of the 
alkalies perceptibly, but only on wanning. 

2. C once ntrated Sulphuric Acid reacts in the cold (cf. p. 262). 

3. ffilver intrate produces a yellow, curdy precipitate of silver 
iodide, insoluble in nitric acid, and only slightly soluble in ammonia, 
but iMdily soluble in potassium cyanide and sodium thiosulphate. 

^ tiie action of chlorine, nlver iodide is readily changed into 
ailver cbloiide: 


Agl-i-Ca-Aga-fL 
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On the other hand, if chloride or bromide of mlver is treated witll 
potassium iodide it will be changed into silver iodide: 

AgCl+KI-Ka+AgI, 

AgBr+Kl-KBr+Agl. 

4. Lead Salts precipitate yellow lead iodide, soluble in eondd- 
erable hot water and forming a colorless solution which deposits 
gold-yellow plates of Pbl, on cooling. 

5. Palla^um Chloride (it is best to use sodium palladium chlo- 
ride) precipitates, from dilute solutions of an iodide, black pallar 
dium iodide (difference from chlorine and bromine), 

PdCl,Na,+ 2KI - 2NaCll-l- 2KC1-1- Pdl,, 

which is readily soluble in an excess of potassium iodide. 

6. Cupric Salts are reduced by iodides, causing the separation 
of a brownish mixture of cuprous iodide and iodine: 


2CuS04-i-4KI-2K^4-l-Cu,I,+ 1,. 

If sulphurous acid is then added to>the solution, a nearly white 
deposit of cuprous iodide is obtained, owing to the deposited iodine 
being changed to hydriodic add by the sulphurous add: 

H,SO,+ HjO-l- 1, -H,SO«-|- 2HI. 

7. mtrous Acid. — ^If a dilute solution of an iodide is treated 
with nitrous add, iodine separates out and the solution becomes 
yellowish to brown in color (difference from chlorides and iodidee): 

2HN0,-i-2HI-2N0+I,-|-2H,0. 

This extremely senmtive reaction is best performed as follows: 

The solution to be tested is treated with a few drops of a solu> 
tion of nitrous add in concentrated sulphuric add,* a little carbon 


*This adaUon it prapaied by heating a^mio tricadde with nitrie add 
(tp. gr. 1.30-1 ji5) and conducting the gam evdved (NO^ and NO) bte 
lulphurio acid (tp. gr. 1.76-lAO): 

AsiO» + aHNOb - AtkO^ 4- W> 4; NOb -f NO^ 

280c8h + NQi + NP - t 

Thit toitttioa of nitniiyltahiliurie add is MBattfanet called ’'nfirats.'* Itcsn 
be kept for aonw time, but water deeompotea it into attnos and aal|iksiii 
-addat 
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disulphide or chloroform is addcil anil the mixture shaken, when 
tile carbon disulphide (or the chloroform) becomes rcddisli'Violct 
in color. The iodine set free may also be tcsUnl for with starch 
paste (see p. 267). 

8. Potass iu m Dichromate, in the presence of dilute sulphuric 
acid, causes the separation of ioilinc, in tlie cold, from dilute iodide 
solutions; the iodine can be more easily n'cognizeil by shaking 
the solution with chloroform or carbon disulphide (difference from 
bromine) : 

K,Cr,0,+6KI+7H,S0,=4lvS0«+Cr,(S0«),+3Ia+71l30. 

By heating a mixture of solid imlidc and solid ])ntas.sium di- 
chromate with concentrated sulphuric acid, imline is set fme (ac- 
cording to the above equation), which distils over with the sU'am, 
and can be condensed in the receiver. No chromium is carried 
over by this reaction (difference from chlorine). 

0. Mercuric Chloride produces scarlet mercuric iodide, soluble 
in an excess of potassium iodide; 

HgCl,+2KI=2KCl+HgI,; 

HgI,+ 2KI-[HgIJK,. 

10. Chlorine Water sets free iodine from iodides^ 
2KI+a2-2KCl+l3, 

wluch colon carbon disulphide reddish-violet, or starch-paste blue. 

By adding an excess of chlorine water, the violet color diaap- 
peam, the iodine being oxidized to colorless iodic acid: 

l3+6HiO+5Cla- 10HCl+2HIOs. 

Detection of Iodine in Ifon-electrolytes. 

The p roc cB B CS to be employed are the same as those described 
for deteeting in non-electrolytes (see page 251). 

FHBB XODHIB. 

Flee iodine fonns C'udes resembling graphite in appearance, and 
liMa8p.gr.<rf4.94atl7*C. It melts at 114^0. (at the same tem- 
perature as su^hur), but b^^ to volatilize at ordinary tempera* 
inres, si^ is emnpletely transformed into violet vapon at 200^ C. 
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It is only sli^tly soluble in urater (100 parts of water dissolve 
0.02 parts of iodine), soluble to a considerable extent in alcohol and 
ether, forming a brown solution, and much more soluble in carbon 
disulphide and in chloroform; so that all the iodine from an aqueous 
solution can be removed by shaking a few times with either of these 
solvents. Iodine is stiil more soluble in hydriodic acid, or in a 
solution of an alkali iodide, forming a triiodide: 

KI+Ij-KI,. 

Commercial iodine always contidns water, chlorine, bromine, 
and often cyanogen (iodine cyanide) as impurities. 

An aqueoiu solution of iodine is a weak oxidizing agent. 

If hydrogen sulphide is passed through an aqueous solution of 
iodine, it becomes colorless and turbid, owing to the separation of 
sulphur: 

H^+Ia-2HI+S. 

Solid iodine is not acted upon at ordinary temperatures by 
hydrogen sulphide; heat is necessary to produce the endothermic 
hydriodic acid. 

In aqueous solution the necessary heat energy is furnished by the 
solution of the hydriodic add formed in water. The fact that solid 
iodine is not acted upon by hydrogen sulphide, while it decomposes 
arsine, is utilized in the preparation of hydrogen sulphide free from 
arsenic from pyrites' containing arsenic (cf. p. 192). The mixture 
of hydrogen sulplude’and arseniurettod hydrogen is passed over ‘ 
iodine, and the latter only is removed. 

Sodium Thiosulphate decolorizes iodine solutions, forming 
sodium tetrathionate and sodium iodide: 

2Na98sOs+Ia-2NaI +NaaSA- 

Chlorine and bromine react in exactly the same way updn 
sodium thiosulphate when they un not present in excess. In the 
latter case the reaetkm goes further and the tetratiikmate is oxh 
dized -to sulphate and sulphuric acid with deposition cE sulphur, 
and the sulphur itsdf is gradually oxidized to sulphuric acid by the 
halogms: 

2Na3S«Oe+12H^+8Cls->10Ha+2Nat8O4+4H|SO4+Ss. 

Sz+ 8 HaO+eClt- 12 Ba+ 2 H 9 S 04 . 

Other weak oxidising agents, such ae ferric and ciqtrjo aa^: ; 
SM|t.upon thiosulphate wnilar to iodine (see Thkwulphune add)>»'^^^ 
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Starch Paite.— Free iodine ootora starch paste blue, but only in 
tite presence of hydriodic acid or a soluble iodide. Opinions differ 
oonceming the composition of “iodide of starch.” Some hold that 
it is a compound, while others regard it as a solid solution. Ac* 
cording to Mylius,* iodide of starch is the hydriodic acid compound 
of an iodine addition>product of starch, containing about 18 per 
cent iodine, corresponding to the formula This com- 
pound acts as an acid. If iodide of starch is produced in a neutral 
solution, in the presence of iodides, a salt of the aimvc acid is formed, 
of which Mylius isolated the barium salt. Iodide of starch, then, 
can be regarded as a double salt, similar to camallite, MgCl,'KCl. 
In dilute solutions it must be dissociated into its components, e.g., 
the potassium salt 


C| 4 O 40 O}(l 4 ,KI 3:3 C^4H40OkI44* KI, 


and if we assume that the compound C,4H4oO,,l4 is colorless, the 
aqueous solution of starch iodide will be colorless ; but on increasing 
the concentration of the alkali iodide, the double salt will be less 
dissociated and the blue color of the undissociated compound will 
appear, which corresponds with the facts. If a dilute aqueous 
ii^ne solution (obtained by shaking iodine with water) is added 
drop by drop to a dilute aqueous starch solution, a blue color will 
iq)pear at the spot where the two solutions first come in contact, 
but this color will disappear on stirring. If some potassium (or 
other) iodide is added to the colorless solution of the starch and 
iodine, a permanent blue coloration will at once appear. 

The temporaiy appearance of the blue color, immediately on 
adding the iodine solution, is probably due to the fact that the 
iodine first forms a substitution product with the starch, setting free 
hydriodic acid, which furnishes the conditions for the formation of 

iodide of starch. 

The fact that a starch solution containing an iodide is much 
more sensitive than one in pure water has been known for a lonig 
time. 

*HyUus, B. B., SO, 088, and C. Tonnat, Esitwhr. fOr anaL Chania, 
XXZIII.400. 
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Detection of HydiocUoric, Hydrobrcmlc, and Hydriodic Adda 
in the Presence of One Another. 

The solution to be tested should contain the alkali salts of the 
above acids. Half of this solution is taken for the bromide uid 
iodide test, while the other half is retained for the chloride test. 

(a) DOection of Bromine and Iodine. 

1. The solution is acidified with dilute sulphuric add, about one 
C.C. of colorless carbon disulphide, or chloroform, and a drop of chlo- 
rine water are added, and the mixture is shaken. If iodine is pres- 
ent (even in the presence of bromine), the carbon disulphide will be 
colored reddish-violet. 

In order to detect the bromine, more chlorine water is added, 
with repeated shaking of the liquid, until the reddish-violet color 
has disappeared, showing that the iodine has been completely oxi- 
dized to iodic acid; the brown color of the bromine will then ap- 
pear dissolved in the carbon disulphide, becoming a pale yellow on 
further addition of chlorine water. 

2. Instead of using chlorine water, it is often better to test for 
iodine (especially when only small amounts are present, as in min.- 
eral waters) with nitrous acid. The solution to be tested for iodine 
and bromine is acidified slightly with dilute sulphuric acid, carbon 
disulphide and a few drops of a solution of nitrous acid in sulphuiio 
acid are added, and the mixture shaken. If the carbon disulphide 
is colored rcdditii-violet, iodine is present. The aqueous solution is 
now poured off from the carbon disulphide (through a moistened 
filter, in order to remove any suspend^ drops of coloi^ carbon 
disulphide), chlorine water is added, and the solution shaken with 
fresh carbon disulphide. If tiie latter now assumes a brown odor, 
bromine is present. 


(h) Dsteetion of Chbrine. 

The amplest and surest way of separating eUoiine from bimnine' 
and iodine is by fractional precipitation with silver nitrate. If the 
solution containing salts the three halogens is treated with 
dilute mlver nitrate, dn^ by drop, the iodine will be first prei^i^ ' 
tated as yellow tilver iodide, t^ the bionfine as a di(^tly-yi^^^ 
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rilver salt, and finally the ehlorine as pure white alver chloride. 
To separate the chlorine from the other two halogens, a few drops 
of the solution to be tested arc tideen and acidified with nitric 
acid. A drop of silver nitrate (1 : 100) is added, and the mixture 
shaken and boiled, which causes the precipitate to collect together. 
If bromine or iodine is present, the precipitate is yellow. The pre- 
cipitate is filtered off and again treated with the dilute silver 
nitrate, etc., until a pure white* precipitate of silver chloride is 
obtained, in c.ase chlorine is present. 


Hydrocyairc Acid (prussic Aao), HCN. 

Occurrence.— The compound of hydrogen with the monovalent 
radical — CSN, cyanogen seldom occurs in nature. It is found in 
all parts of a tree growing in Java {Pangium Edide), particularly in 
the seed kernels. Its compounds arc found in many plants as a glu- 
ooside (amygdaline), which yields, on hydrolysis, sugar, benzalde- 
hyde, and prussic acid: 


C,,H„NO„+ 2H,0 -2aH„0,+ C,H,CHO+ HCN. 

Amycdalina BuCiU’ BenMiriabyde 


This amygdaline is found in bitter almonds, in the fruit kernels 
of cherries, apricots, peaches, etc., and in the leaves of the common 
laurel tree {Prunua Lauroeeranu). 

Amygdaline is usually accompanied by a ferment, so that, on 
macerating the parts of the plant which contain the amygdaline, an 
aqueous solution of prussic acid is obtained (bitter-almond water). 

Preparation . — If ammonia is passed over glowing carbon, ammo- 
nium cyanide is formed ; so that this salt, as well as other cyanogen 
compounds, is found in the “gas-water” obtained by the diy dis- 
tifiation of cool. 

Hydrocyanic acid may also be prepared by adding acid to many 
cyanogen compounds. If yellow prussiate of potash is treated with 
dilute sulphuric acid and distilled, prusric acid is evolved, which, 
after standing over solid calcium chloride, may be obtained in the 
anhydrous condition as a cotorless, exceedingly poisonous liquid, 
of Iritter almonds, and boiling at 26.6* C. : 


(Fe(CN)JZ^ — p- 

|^^^^g+3H^4-8K^4+tFe(CN),£]g+6HCN. 


t . tlieimei|iit^itiB«aa]rto tell whether it is pure white, 

>fcc]dwiBghteit(ii^ ydhnririU show a^doet the white p^ier. 
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Profperties.^Tbs liquid (as well as the gaseous) hydrocyaaio 
acid bums with a reddish flame, and mixes in all proportions with 
water, alcohol, and ether. 

Aqueous hydrocyanic acid cannot be kept indefinitely; a brown 
depont soon appears, with the formation of formic acid and ammo* 

CHN+2HOH-NH,+ HCOOH. 

Formic acid 

If a little mineral acid is added to the aqueous solution, it may 
be kept much longer; but, even then, ammonia and formic acid will 
be formed after a long time.* Hydrocyanic acid in aqueous solution 
is a very poor conductor of electricity; in other wor^, it is a weak 
acid, and only dissociated to a slight extent. 

The salts of hydrocyanic acid, the cyanides, are very similar in 
their properties to the corresponding halogen compounds, but are 
distinguished by their ability to form stable complex salts, which 
contain scarcely any cyanogen ions in aqueous solution, and conse- 
quently do not ^ve some of the reactions for hydrocyanic acid. 

SoltibilUy of Cyanides.— The cyanides of the alkalies and alka- 
line earths are readily soluble in water, but are hydrolytically de- 
composed into metallic hydroxide and hydrocyanic acid, and their 
ions: 

KCN+ HOH ?=± KOH+ HCN. 

But as hydrocyanic acid is only slightly dissociated, the aqueods 
solution of an alkali cyanide behaves like a solution of alkali hy- 
droxide eontuning free prussic acid; the smell of the latter can be 
readily detected. 

The remuning cyanides, with the exception mercuric cyanide, 
are insoluble in water. 

REAcnom m thb wet wat. 

1. Dttats ’Sulphoric Add decomposes solutions of all soluble 
cyanides, with tire exception of mercuric cyanide, setting free hydro- ' 
cyanic add in the cold (recogniaaUe 1^ its odor). 

The insoluble cyanides are decomposed by dilute sulphuric add 
coiy on wanning. 

2. Conceiitrated Sulpliaric Add decompoaea all eyaaidea <m 
warming, the complex qyanidea as wdl as the rim|de <Mica. , TTie 

*Oold oonmatimted bydiooliloiio acid oonvarts ItydiceyHiie add into , 
fdimanida, HCN+H/)»BOONH« but db wanning ddi enwpound b dfr 
. coBiqpoiri into embon nod imnoiiinn ; 
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metals are then obtained in the form of sulphates, the carlx>n of the 
qranogen is changed to carbon monoxide, and the nitrogen into 
ammonia (or rather ammonium sulphate) ; 

Ni(CN),+2H,SO,+ 2H,0- NiSO,+ (NH«)^0«+ 200. 

With mercuric cyanide, besides carbon monoxide, sulphur diox- 
ide and carbon dioxide arc obtiuned; for mercuric cyanide is de- 
composed at the temperature of boiling sulphuric acid into mercury 
and cyanogen; and the former dissolves in the hot sulphuric aciil, 
with formation of mercuric sulphate and evolution of sulphur di- 
oxide: 

Hg(CN),+ 3H,S04+ H,0- (NH4),S04-I- C0-|- C0,+ S0,+ HgS04. 

3. Silver Nitrate. — If silver nitrate is added to a solution of an 
alkali cyanide drop by drop, a precipitate is formed on the addition 
of each drop, which, however, redissolves on stirring the liquid, for 
silver cyanide is soluble in an excess of alkali cyanide: 

(o) KCN+AgNO,-KNO,+ AgCN; 

(6) AgCN-|-KCN-[Ag(CN),]K. 

The complex salt, rilver potassium cyanide, is decomposed by 
further addition of tnlver nitrate, being finally completely trans- 
formed into insoluble rilver cyanide: 

[Ag(CN) JK+ AgNO,- KNO,+ 2AgCN. 

« 

Consequently the precipitation is only complete when an excess 
of rilver nitrate is added. 

Siver cyanide is insoluble in water and dilute nitric acid, per- 
eeptibly soluble in eoncmtiated nitric acid, and readily soluble in 
ammonia, sodium thiosulphate, and potassium cyanide. Dilute 
nitric add leprecipitates idver cyanide from the solution in ammo- 
nia or potasdum cyanide. 

Concentrated hydrochloric add decomposes silver <^snide, on 
warming, into silver chloride, with evolution of hydro^anie acid 
(Terence from silver chloride, bromide, or iodide). 

By igniting dlv^ cyanide, cyanogen gas is obtained, with metal- 
lic diver, and brown, difiSctdtly-volatile paiacyanogro, which, on 
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further healings is completely volatilized, leaving behind pure 
sQver; 

2AgCN-Ag,+ (CN),. 

Mercuric cyanide is a non-dectrol)rtc, and consequently behaves 
quite differently from the other cyanides. Silver nitrate gives no 
precipitation with mercuric cyanide, but combines with the latter, 
forming a soluble double salt, Hg(CN),- AgN0,'2H,0. 

Mercuric cyanide is not decomposed by dilute sulphuric acid, 
but easily so by hydrochloric, hydrobromic, or hydriodic acids, with 
evolution of hydrocyanic acid, and formation of chloride, bromide, 
or iodide of mercury. Hydrogen sulphide also decomposes mer- 
curic cyanide completely, forming mercuric sulphide and hydro* 
cyanic acid. 

Alkali hydroxides do not precipitate mercuric cyanide, for mer- 
curic oxide is soluble in alkali cyanides: 

Hg0-t-2KCN+H,0-Hg(CN),-|-2K0H. 

Mercuric oxide is also soluble in mercuric cyanide : 


Hgo+Hg(CM),-o(^:::g. 


By means of the formation of Prussian blue or ferric sulpho- 
qranate, hydrocyanic acid can be detected much better than by the 
silver nitrate reaction. 

4. Prussiw Blue Reaction.— Prussian blue is formed by the 
action of ferric salts upon potassium ferrocyanide (cf. p. 100): 

3K«Fe(CN),-t- 4FeCI,- 12KCI+ Fc4[Fc(CN) J,! ’ 

In order, therefore, to apply this reaction to potassium cyanide, etc., 
it is necessary first to transform the cyanide into potassium ferro^ 
cyanide. This may be accomplished by the addition of a fenous 
salt, whereby ferrous cyanide is first formed, which dissolves in an 
exc^ of potassium cyanide, forming potasrium ferrocyanide:# 


(а) FeS04+2KCN-K^0,-|.Fe(CN),; 

(б) Fe(CN),-f4gC!N«[Fe(CN)JK4. 


• Whw an oigHUO subatanoe is treated with metaUio aodiiun as deaoiib^ 
« W any mtarpn pitaent is converted into sodium cyanide and 
Pruawan blue may be funned from it to described above Tn ^ 



HYDROCYANIC AOD. . *73 

Fotaadum femx^anide is formed even more readily by. tha 
•otion of potassium cyanide upon ferrous hydroxide; 

Fe(OH),+2KCN-=Fe(CN),+2KOH; 

Fe(CN),+4Kq^^».[Fe(€N)JK4. 

Evidently for the formation of the potastiuni ferrocyanide a 
little iron and considerable potassium cyanide are required. Con- 
sequently, to bring about the reaction, a little ferrous sulphate ia 
added to the alkaline solution of an alkali cyanide, and the mix- 
ture boiled. A little hydrochloric acid is then added, whereby a 
dear solution is obtained, which gives, with a little ferric chloride, 
the blue precipitate. If only traces of hydrocyanic add were pres- 
ent, the solution appears green at first, but, after standing some 
time, flocks” of Prussian blue will be predpitated. 

5. The Fenic Sulphocyanate Reaction.~Potassium sulpho- 
eyanate produces a red coloration with a ferric salt, owing to the • 
formation of soluble ferric sulphocyanate (cf. p. 99): 

3KCNS+ FeCl,- SKOH- Fe(CNS),. 

The cyanide, therefore, must be changed to sulphocyanate in 
order to apply, this reaction, which can be done by heating with 
sulphur: 

KCN+S-KCNS: 

or,'better, by treatment with an alkaline polysulphide; 

. KCN+(NH,),^-(NH,),S+KCNS. 

To the concentrated solution of the cyanide (in a porcelain dish) 
a little yellow ammonium sulphide is added, and the mixture evap- 
orated on the water-ba^h to dryness. The residue is addified with 
a little hjrdrochloric add,* and a drop of ferric chloride is added, 
vdiereby the characteristic blood-red coteration will be produced 
.if oidy traces of cyanide are present. 

6. Ibrctttont nitrate pr^uces a ^y precipitate of metallio 
'jOitetettiy when adddl to a aoliition of an alkali cyanide (differenoe 

; 

lah a c d i s iwiBi addfy’te onfar.te deMroy tlw vhidi' would 

1 ^. edoiatioB woldd not aiifiSaft • 
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reactions of the metalloids. 


Behavior of Cyanides on Ignition. 

The cyanides of the. alkalies and alkaline earths fuse tdthout 
decoinposition when heated out of contact with the airj heated .in 
contact with air, they absorb oxygen with avidity, forming a (gr- 
anate: 

KCN+0=.KCN0. 

Consequently the alkali cyanides are strong reducing agents 
(cf. p. 223). 

The cyanides of the bivalent heavy metals are decomposed on 
ignition, out of contact with the air, into nitrogen, and metallic car- 
bide; the latter often being further decomposed into metal and 
caibon: 

Fe(CN),-FeC,-|-N,; 

' Pb(CN),=Pb-|-C,-l-N,. 

The cyanides of the trivalent metals are unknown in the free 
state; those of the noble metals are decomposed, by igniting, into 
metal and dicyanogen: 

2AgCN=Ag,+ (CN),; 

Hg(CN),-Hg+(CN),. 

It is a characteristic property of the cyanides of the heavy 
metals that they are rea^y soluble in alkali cyanide soh i tigns , 
forming very stable complex compounds, which are to be regarded 
as salts of the following acids: 

RKCN),H, Rn(CN),H„ Rni(CN)^, and Rn^d^^a*. 

The first two of the above acids are so unstable that they are 
decomposed, as soon as they are set free, into hydrocyanic «^ id *"4 
<^anide: 

[R(CN)JH-HCN-|-RCN; 

[R(CN)JH,-2HCN-1-R(CN),. 

Consequently all cyanides which are derived from tiiese adds evolve 
hydrocyanic acid when treated with dilute hydrochloric or sulphuxio 
add in the cold. Such compounds are: 

tAg(CN)JK, [Au(CN)JK. [Ni(CN)JK„ [Zn(CN)JK., 
[Cd(CN),ig, etc. 
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These salts must be regarded as complex compounds, for their 
aqueous solutions contain almost no heavy metal ions ; they are not 
precipitated by caustic alkali, alkali carbonate, or ammonia. From 
this fact it follows that the^i^udes of these metals are soluble in 
cyanides of the alkalies, forming the following complex salts; 
Ag,0+4KCN+H,0=2K0H+2[Ag(CN)JK; 

NiO +4KCN+H,0=2K0H+[Ni(CN)JK,; 

ZnO +4KCN+H,0=2K0H+[Zi(CN)JK,; 

CdO +4KCN+H,0-2K0H+[Cd(CN)Jl4. 

Hydrogen sulphide decomposes the silver and cadmium salts 
without difficulty, the zinc salt slightly, and the nickel salt not at 
aU. 

The acids of the general formula R^^KCN),H, and R^i(CN )^4 
are, in contrast with the above acids, quite stable in the free state, 
and can be usually obtained, without the evolution of hydrocyanic 
add, by acidifying a solution of one of their salts with cold dilute 
mineral add; but, on warming the add solution, hydrocyanic add 
is given off. 

As typical representatives of these adds we Imve hydroferri- 
and hydroferrocyanic adds, and hydrocobalticyanic add.* 

We will consider hydroferro- and hydroferricyanic adds sepa- 
rately; but before doing so we will briefly describe 

DlCTAHOOBir, 

« 

which is obtained by heating the cyanides of the noble metals, as a 
colorless gas with a disagreeable odor; it bums with a reddish flame, 
and is soluble in water (26 parts water dissolve 100 parts of dicy- 
anogen). The aqueous solution cannot be kept very long, as 
brownish "flocks” separate out little by little (azulmic add) and 
the solution then contdns ammonium cyanide, ammonium oai^ 
bonate, ammonium oxalate, and urea. 

Just as chloime acta upon caustic alkalies, forming chloride and 
hypochlorite, so dicyanOgen reacts with them, forming a cyanide 
and a qyanate: ^ 

2a-|-2K0H-Ka-|^H,0+K(X31; 

20N+2KOH 

.* RydcccdHtit^^C add to extremely unstable, like hydromangenQ- and 
Tbelr salts sntdse HON when treated with odd*. 
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HTDROFERROCYAinC AaD [Fe"(CN)JH4. 

Hydroferrocyanic acid is a white, solid substance, which is 
readily soluble in water and in alcohol, the solution soon becoming 
blue on exposure to air. The salts of this acid are much more stable 
than the acid itself, being all prepared from the potassiiun salt, the 
yellow prussiate of potash. This potassium salt, the most impor- 
tant ferrocyanide of commerce, is obtained by the fusion of organic 
substances contiuning nitrogen and sulphur (blood, etc.) with 
potash and metallic iron, and by lixiviating the product of the fusion 
with water. 

In the melt, iron sulphide and potassium cyanide are found, 
which, on treatment with water, are changed to potassium ferro- 
cyanide and potassium sulphide, 

FeS+ 6 KCN =[Fe(CN) JK 4 + igS, 

and, on evaporating the solution, the former salt separates out (with 
three molecules of water of crystallization) in the form of huge, 
yellow, tetragonal octahedrons. 

'Recently this salt has been obtuned as a by-product in the 
manufacture of illuminating-gas, Prussian blue and ammoni um 
sulphocyanate being formed from the purification of the gas. 

The following equations will give some idea of the formation of 
potassium ferrocyanide in the gas-house: 

1 . Fe/CN)„-h6Ca(OH),-4Fc(OH),-i-3[Fe(GN)JOa4; 

2 . [Fe(CN)JCaj+2Ka=»[Fe(CN)JCaK-f-CaCL; 

Very difficultly solul^e ‘ 

3 . [Fe(CN)JCaK,+K,CO,-CaCO,-|-[Fe(CN)JK 4 . 

SohMUy of Ferrocyanidea.— The ferrocyanides of the alValigr 
and alkaline earths are soluble in water; but the r emaining salhp 
dissolve with difficulty (if at all) in water and in cold dilute adds. 

REACTIONS IN THE WET WAY. ^ 

J. DUate Sulphuric Acid.— The ferrocyanides are not decom- 
posed by cold dilute sulphuric acid, but break up at the boiling 

temperature with evolution of hydrocyanic acid: ^ 

2[Fe''(CN)JK«+3H,S04-[Fe'XCN)^|\3K^^ 
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2. Concentrated Sulphuric Add decomposes ferrocyanidee 
completely, on wanning, with evolution of carbon monoxide, which 
bums with a blue flame: * 

[Fe"(CN)J^;-|- 6 H,SO,+ 6H,0- 
- FeS04+ 2K,S04+ 3(NH4),S04+ 6 CO. 

3. Silver Ifitrate produces a white precipitate of silver ferro* 
cyanide. 


[Fe"(CN) JK 4 + 4AgNO, «= 4KNO,+ [Fe"(CN) JAg^, 

insoluble in dilute nitric acid and ammonia, but soluble in potasdum 
(^anide solution. On treatment with concentrated nitric add, it is 
changed to orange silver ferricyanide, and is then soluble in ammo* 
nia. 

4. Barium Chloride gives no predpitation. 

5. Ferric Salts produce a predpitate of Prussian Blue in neu* 
tral or acid sdutions (cf. page 100 ). 

6 . Ferrous Salts ]deld a lig^t blue predpitation, which changes 
to a darker blue on exposure to the air (cf. page 94). 

7. iCupiic and Uranyl Salts produce brown precipitates. 

In order to detect ferrocyanic add in an insoluble ferrocyanide, 
the latter is boiled with caustic soda or potash, when insoluble mo* 
tallic hydroxide and an alkali ferrocyanide are usually formed. 
Thus, Prusdan blue yields ferric hydroxide and potasdum ferro* 
<^anide: 

Pe"(CN).^e 

Fe"(CN),C *+ 12KOH-4Fe(OH),+ 3 [Pe"(CN)JK 4 . 

>Fje 

■Fe'^(CN)e?e 

The insoluble hydroxide is filtered off, the filtrate is addified 
with dilu^ hydro^oric add and treated with ferric chloride, 
viwhereby !Piu^an 

Is aiso a PB't of the fetraus sulphate 

lie- hddissd % ^ 

“ + 3H,0 +‘S0i.; 
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reactions of the MBTAUOIDS,- 

Prussian blue is often used in wall-papers as a U it ia 

desired to detect the presence of this compound in a w^-paj^, 
about 100 cm*, of the paper are cut into small pieces, boiled with 
' caustic potash solution, filtered, and the filtrate treated according 
to the process just described. In a few hours a distinct blue preci- 
pitate of Prussian blue will be viable in the bottom of the test-tube, 
if originally present. 

Some insoluble ferrocyanides do not yield the hydroxide of the 
metal on treatment with caustic alkali. Thus the brown urany] 
ferrocyanide yields insoluble yellow potassium uranate and soluble 
potassium ferrocyanide (cf. page 108). 

Insoluble zinc ferrocyanide is completely soluble in causdo 
alkali, forming an alkali zincate and soluble ferrocyanide: 

[Fe"(CN) JZn,+ 8KOH=[Fe"(CN) JK,+ 2Zn(OK),+ 4H,0. 

In order to separate the zinc from the ferrocyanide, carbonic acid is 
conducted into the solution, the latter is boiled, and the insoluble 
zinc carbonate is filtered off. The filtrate then contains potassium 
ferrocyanide, which can be detected as above. 

8. Lead Salts precipitate white lead ferrocyanide insolr^e in 
dilute nitric acid. 

Detection of Hydrocyanic Add in the Presence of 
Hydroferrocyanic Add. 

As the soluble ferrocyanides evolve no hydrocyanic ftdd on 
treatment with cold . dilute hydrochloric acid, while the soluble 
cyanides do, it is evident that hydrocyanic add can be detected hi 
the presence of hydroferrocyanic acid. For this purpose, the mix- 
ture of the solid salts is placed in a small porcelain evaporating-dish, 
a little dilute hydrochloric add is added, the dish is covered with 
another porcelain dish whose inner surface is wet with yellow sul- 
phide, and the dishes are allowed to imam in this position for A 
few minutes. 

The volatile hydrocyanic add produces ammonium <reanste in 
the upper dish. The latter is addified with hydrochlorio add, and- 
a ^p of feme chloride is added. A blood-red coloration of fenie = 
sulphocyanate shows the presence of hydrocyanic add in the oriali- 
nal compound. ' 
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Bdiavior of Ferrocyanides on Ignition. 

On bmg ignited, the ferrocyanides 3 deld iron carbide, cyanide, 
and nitrogen: 

[Fe(CN),]k,-4KCN+FeC,+N,; 

[Fe(CN)JAg,-4AgCN+FeC,+N,. 

In the latter case, the silver cyanide is further decomposed into 
metal and dicyanogen : 

2AgCN=Ag,+ (CN),. 

HYDROFERBICTAnc ACID, [Fe'"(CN)JH,. 

Hydroferricyanic add forms brown needles, readily soluble in 
water. 

Its salts, the ferticyanides, are very stable, and are obtained by 
the oxidation of the corresponding ferrocyanides. The most im- 
portant of all these salts, potassium ferricyanide (red prussiate of 
potash), Kj;Fe(CN)e], is obtuned by the oxidation of potassium 
ferrocyanide with c^rine: ' 

[Fe"(CN),^»+Cl-Ka+[Fe"'(CN)JK,. 

Bromine, hydrogen peroxide, etc., may be used instead of 
ohloiine. 

SclubUity of Ferrieyanidea.— The ferricyaAides of the alkalies 
and alkaUne earths, and the ferric salt of hydroferricyanic acid, are 
soluble in water, but the remaining salts are insoluble even in dilute 
adds. 

BBACriOira IN THB WET WAT. 

1. Dilute ^^uric Acid evolves no hydrocyanic add in the 
cbld (difference from qramdes), but does so on wanning with the 

t-,add. ■ ■i' ■ ' 

2. Qcaisentimted ^nl^nilc Add decomposes all ferricyanides, 

and carbon monoxide: 

12CO. 



, 8 o RBACTIONS OF THE METALLOIDS. 

3. Silver Ifitrate produces orange silver fenicyanide: 

[Fe'"(CN) JI^+ 3AgNO, - 3KNO,+ [Fe'"(CN),]Ag^ 

soluble in ammonia, but insoluble in nitric acid. 

4. Barium Chloride gives no precipitation. 

5. Ferrous Salts produce, in neutral and add solutions, a pie- 
dpitate of Turnbull's blue (cf. page 94). 

6 . Ferric Salts produce no prcdpitation, but a brovm colora^ 

tion. 

7. Cupric Salts yield green cupric fenicyanide: 

2 [Fe'"(CN) JK,+ SCuSO, - 3K^O,+ [Fe'"(CN) J,Cu,. 

8 . Behavior of the Ferricyanides in Alkaline Solutions. — 
Hydroferricyanic add is a strong oxidizing agent in alkaline solu- 
tions, being readily reduced to hydroferrocyanic add by hydrogen 
sulphide, hydriodic acid, sulphurous acid, ferrous hydroxide, man- 
ganous hy^xide, lead oxide, starch, cellulose (paper), etc.; e.p.: 

2[Fe'"(CN)JK,+K,S=2[Fe"(CN)JK4+S; 

2[Fe{CN)JK,+2KI=2[Fe"(CN)JK,+I,; 

2 [Fe'"(CN) JK,+ K^SO,+ 2KOH - 2[Fe"(CN) JK 4 + K,S 04 + H,0; 
2 [Fe'"(CN) JK,+ PbO+ 2KOH 2[Fe"(CN) JK 4 + PbO,+ H,0; 

[Fe'"(CN)JK,+Fe(OH),+KOH-[FB"(CN)JK 4 +Fe(OH),. 

The ferricyanides are even reduced by ammonia, forming nitro- 
gen: 

12(Fe'"(CN)JK,-hl6NH,-. 

-9[Fe''(CN)JK4+3[Fe"(CN)J(NH4)4+2N,. 

On account of this easy reducibility of hydroferrioyaiuo add^ it 
is often difficult, sometimes impossible, to detect its presence, parr ' 
ticularly in an insoluble compound. If Turnbull's blue is bc^^ ' 
with caustic potadr, the residue will consist of a mixture of feripi^ ^ v 
and ferric hydroxides, and the solution will contain potaadum fii*l 
rocyanide. . ^ 
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The behavior of (^anides toward suspended yellow mercuric oxide 
is very important. Almost all cyanides, simple or complex, , with 
tiie exception of potassium cobalticyanide, are completely decom- 
posed by this reagent. Mejsi^ric cyanide and an oxide of the oth^ 
metal are formed, which, if insoluble, may be separated from the 
mercuric cyanide by filtration. Thus potassium ferroc^anide is 
' decomposed by mercuric oxide as follows: 

tFe"(CN)JK4+3Hg0+3H,0-Fe(0H),+4K0H+3Hg(GN),. 
Frusrian blue as follows: 


[Fe<'(CN)J,Fe/"+9Hg0+9H,0- 
= 3Fo(OH),+ 4Fe(OH),+ 9Hg(CN),. 

This decomposition of tbe cytmides by mercuric oxide is often 
used in quantitative analyris for the separation of metallic cyanides. 

Behavior of the Ferticyanides on ^^nition. 

The ferricyanides are decomposed into iron carbide, cyanide^ 
disyanogen, and nitrogen: 

2 [Fe"XCN) JK,-2FeC,+ 6KGN+2N,+ (CN),. 

By heating a ferricyanide in a closed tube, dii^anogen therefore 
is pven off, which bums with a reddish flame. 


SULPHOCTAinC (THIOCTAinC) ACID, EONS. 

Ihicoyanic add is found in- small amounts, in the form of its 
sodium salt, in saliva and urine. 

The free add is a wlor^, unstable liquid, with a penetmting 
odor. It can be kept better in aqueous solution than in the anhy- 
drous state, but its salts, the. sulphocyanates, are much more stable 
^lan the add itself. alkali salts can be prepared from the 
correqponding cyanides b 7 heating with sulphur: 


Tli^ mayj^^ pieimied at ordinary temperatures tiMtp 
!Ci^ ,l](yibosy^d add qranide with an alkali polysol* 
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SMMity.—Most of the thiocyanates are soluble in water; ex- 
ceptions are the sUver, mercury, copper, and gold salts. 
thiocyanate is difficultly soluble in water; and on boiling with 
water it is decomposed. 

BEACnONS IN THE WET WAT. 

• 

1. Dilute Sulphuric Acid (double normal) caiues no reaction. 

2. Moderately Concentrated Sulphuric Acid (SHjSO ; 4HjO) 
decomposes the thiocyanates, with evolution of carbon pzysulphide, 
which bums with a blue flame: 

KCNS+ 2H^4+H,0-KHS04+ (NH4)HS04+e0S. 

3. Concentrated Sulphuric Acid violently decomposes thio- 
cyanates, with evolution of very disagreeably-smelling vapors, 
COS, HCOOH, CO„ SO,, and deposition of sulphur. 

4. Silver Nitrate precipitates white, curdy, mlver sulpho- 
cvanate: 

KCNS-|-AgNO,=KNO,-|-AgGNS, 

insoluble in dilute nitric acM, soluble in ammonia. 

5. Ferric Salts produce a blood-red coloration, due to the for* 
noation of ferric sulphocyanate: 

3KCNS+ FeCl,-3Ka+Fe((3NS)„ 

very soluble in ether (cf. page 99). 

6. Mercuric Nitrate prempitates white mercuiio thiocyanate! 

Hg(NO,),+ 2KCNS-2KNO,+ Hg(CNS)„ 

very difficultly soluble in water, but readily soluble in an excess of 
potassium sulphoc 3 ranate: 

Hg(GNS),+ KCNS-Hg(eNS),K. 

If the dry powder is heated, the salt expands greatly (Fharadi's 
serpents). 

7. Mercuric Chloride gives a precipitate only after long stands “> 

ing. . I 

8. Mercurous Nitrate produces a gray to Jbladc pcedpitatai ^ 
On adding mercurous nitrate drop by drop to a fairly-oonomtli^i 
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3S3 

golutioii fA potassium sulphocyanate, a gray precipitate of metallip 
mercury is first obtained, and the solution contains mercuric po< 
taanum sulphocyanate: 

Hg— NO, 

I +3KCNS-2KNO,+[Hg(CNS)JK+Hg. 

Hg— NO, 


If the addition of mercurous nitrate is continued until no mote 
mercury is precipitated, and the solution then filtered, the filtrate 
will contun mercuric potassium sulphocyanate; but, on adding 
still more mercurous nitrate, pure white, mercurous sulphocyanate 
is precipitated: 

2 [Hg(CNS j JK+ 3Hg,(NO,), - 2KNO,+ 2Hg(NO,),+ 3Hgi(CNS),. 

If, on the other hand, a very dilute solution of jMtassium sulpho- 
eyanate is added to a very dilute solution of mercurous nitrate, the 
white precipitate of mercurous sulphocyanate is obtained directly: 


Hg-NO, Hg-€NS 

I +2KCNS-2KNO,+ J 
Hg--NO, Hg-CNS. 


9. Cupric Salts.— On adding a few drops of a solution contain- 
ing a cupric salt to one of an alkali sulphocyanate, the solution is 
colored emerald-green; and, on furtlier addition of the copper solu- 
tion, black cupric sulphocyanate is precipitated. If sulphurous acid 
is added, white cuprous sulphocytuiate is deporited. 


2 CuS 04+SO,+ 2H,0-|- 2KCNS-Cu,(CNS),+ 2KHSO4+ H,S04, 

insoluble in dilute^ hydrochloric and sulphuric acids. 

10. Cobalt Saits. — ^If a solution containing an alkali sulpho- 
cyanate is treated with a small amount of a cobalt salt, and the 
solution shaken with a mixture of equal parts amyl alcohol and 
etiier,'the upper layer of alcohol ether separates out azure-blue in 
odor (cf. page 137). This reaction is analogous to that of 03ranio 
acid upon cobalt stits (cf. page 298). 

Baliavlor of Soli^ocyaiiates on lotion. 

of the alkaUes melt readily, and are colored 
^ brown, bltm, becoming white 
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The rabhoeyimate. of the heoey mot^ 
eulphide, editing h« e«bon dWphide, (toyhoogeo, 

ThSs^i^M thioeyMOte is decomposed seeording to the foUowm* 

equation: 

CuSCN 

4 1 ■»4CujS4'2CSj+3(CN)j+N2. • 

CuSCN 


The mercuric sulphocyanates swell tremendously on being heated 
(Pharaoh’s serpents). 


GROUP II. 

Silver lUtrate produces a precipitate roluble in nitric add. 
Bflriiini Chloride causes no predpitation. 


NITROUS AOD (HNO,). 

Occurrence.— Nitrous acid never occurs free in nature except 
in the form of its salts, the nitrites. It is found in the air, as ammo- 
mum nitrite, in many soils and waters, particularly in those which 
are contaminated with ammonia or decaying substances. 

Ammonia is oxidized by the action of micro-organisms (monos 
mtrificana) to nitrous add, which combines with more ammonia 
to form ammonium nitrite. 

Preparotion of Nitrous Add and its 5alte.— Nitrous add ii . 
formed by the. gentle reduction of nitric acid, if zinc is allowed 
to act upon dilute nitric add for a short time, the hitter is reduced 
to nitrous add, 

HN0i+H,-H,0-|-HN0i, 

but tile reduction can easily go a little farther, fo rming NO, NjO, 
and Njj while by long-continued action of the zinc, hydrmqdhamine^t ' 
NHjOH, and ammonia even, are formed. ' 

If nitric add of sp. gr. 1.3 is heated with arsenious add, atan^H" 
etc., a nuxture of nitric oxide and nitrogen peiomde is oVtdlp^ | 
which, on cooling to - 21® C., condenses to a bhudi-«ife^ 

N,0„ the anhydride of nitrous add. 

If the anhydride is treated with ice-cold watdr, a 
liquid is obtdned, which contains nitrous add, but alt^&liii^ 
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pray witb nitric add; for NjO, unites witii water, fonning nitious 
and nitric adds, and nitric oxide: 

2N,0,+H,0-H$J0,+ HNO,+2NO. 

At a higher temperature nitrous add is gradually changed into 
nitric add: 

3HNO,» HNO,+ 2NO+ H,0. 

Pure nitrous add, therefore, is not known. 

If the above mixture of nitric oxide and nitrogen peroxide is con- 
ducted into concentrated sulphuric add, the two gases are readily 
absorbed! forming nitrosyl sulphuric add: 


/OH 
SO, _ 
\0|H| 


H 


/O 

SO, 

\OH 


NO /OH 

-H,0+2S0. 

NO|o| 


Nitroqrl 


NO) 

thunoMid 


This solution of nitrosyl sulphuric add in sulphuric add is some- 

. tinaes called "nitrose.” 

If this solution is added to cold water, sulphuric and nitrous 

adds are formed: 

* 

/OH 

SO,- +HOH-HNO,+SO,(OH)- 
\O(N0) 

j , 

This solution of nitaocyl sulphuric add can be kept indefinitely, 
so ^t it’is a convenient' reagent for the immediate production of 
. nitious add at any time. 

, T^e adts of nitrous add, the nitrites, are much more , stable 
; the firee add, and may be bbtained by the ignition of nitrates: 

V ^ Nitr;^ contun some oxide and 

nitii^ In (nder to obtain a pme lutrite, diver 

is a cricidc^ amount of a metallie chloride: 

dduotiim 




■■■ 

/»^cr/6Ais'''b^T^ 

■■• • - 1- - ■■■ ■•■•■ ;■ "'■V-'-f y-/'S t ’': 




The soluble nitrite can be isparat^ ^ 
chloride by filtration 


SolubUity of Nitrites.— M rnijiim 
silver nitrite and potassium oobaltic nitrite are 


BBACHONS IN THE WET WAY. 

As all nitrites are soluble in water, the reactions which serve to ; 
their detection cannot be those of precipitation, but rather those in ' 
which a «t>B.Tigft of color takes place, owing to an oxidation or a re> 
duction. 

Nitrous acid sometimes acts as an oxidizing agent, and some* 
times as a reducmg agent. 

1. Dilute Sulphuric Acid decomposes all nitrites in the cold, 
setting free brown vapors: 


(а) NaN0,+H,S04=NaHS04+HN0,; 

(б) 3HN0,=HN0,+2N0+H,0; 

(c) NO+0 (air) “■NO, (brown gas). 


2. Concentrated Sulphuric Acid reacts exactly the same, but 
fiiuch more violently. 

3. Silver Nitrate precipitates from nitrite solutions crystals of 
silver nitrite in the form of needles, which are very difiScultly soluble 
in cold water (300 parts of water dissolve one part of silver nitrite 
at the ordinary temperature). In boiling water, silver nitrite is 
conriderably more soluble. 

4. Cobalt Salts produce (with an excess of potassium nitrite and 
acetic acid) a yellow crystalline precipitate of potasrium cobaltio 
nitrite (cf. page 136). 

5. Indigo Solution is completely decolorized by warming witii: .^ 
nitrous acid. 


6. Hydriodic Acid is oxidized by nitrous add with s^Muatida^ 
of iodine; ' i* 


2HI+2HN0,-2H,0+2N0+I,. 

If, therefore, a nitrite is added to a solution of potaai h^iw - 


■ ■ ''ySI 





milpHurie or aioetio ihe sola* 
, owing to the separation of iodine. If the so* 
;& : ibw or carbon ^sulphide, tbO 

be colored reddic^-violet. Or if a little starch paste is 
it wiU be colored blue by the iodine. 

delicate reaction is also caused by the action of 
a great numy other oxidizing agents; and it can only be used for 
the detection of nitrous add when it is known that aU such oxidiz* 
;U>g substances are absent. 

7. Perrons Salts are oxidized to ferric salts, with evolution of 
nitiic oxide: 

2FeS0,+H^,+2HN0,-2H,0+2N0+Fei(S0«),. 

The nitric oxide dissolves, in the cold, in the excess of ferrqjis 
salt, forming a brown compound of a varying composition; 

(FeSO^WNO),. 


To perform this reaction a concentrated solution of ferrous sul- 
phate is taken, slightly acidified, and the solution to be tested care- 
fully poured on top. At the zone of contact between the two solu- 
tions the dark-brown coloration will be apparent. 

Nitric add gives the same reaction, but only on the addition of 
concentrated sulphuric add. 

8. Potassium Permanganate.— If nitrous add is added to a 
warm add solution (about 40° G.) of potassium permanganate, the 
latter will bec(^ decolorized, owing to the enddation of the former 
to nitric add: 

2KMn04+5HN0,+3H,S04-K^«+2MnS04+5HN0,+3B,0. 

In tins reaction nitrous addacts as a reducing agent. 

9. Detection of Small Amounts qI Pitrous Add by the Peter 
Gfiess Method (B. B. 12, ^).— As was already mentioned, nitrous 

* In the praeenoe of oonsidemble alkali acetate, there is no eeparation of 
iodine on the addtion d acetic acid; but there is oa the addition of a drop 
: djl stitin^ add. ' is a beautiful illustration of the "Law of Mass Ao- 
; ticMi;" v The ditsociatifld of the aCetio add is kssened by tin presence of the 
^^aBtah ieetato (oi; autiwnhim acetate)f so tint not enough H ions are present 

present to redden litmus die* 
Band^ier.) - 
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acid is often found in drinking-water, in consequence of iJie 
tion of ammonia which results from the decay of organic substances 

oS to detect the small amounts of nitrous add which may ^ 
be present in drinking-water, of the above reactions only that of 
potassium iodide and starch is delicate enough. But as hydro^n 
peroxide and ferric salts are also likely to be present, both of wWch 
cause the separation of iodine from an acid solution of ^tassium 
iodide, it is evident that dependence upon this reaction alone 
would often lead to error. 

Consequently, in order to detect the presence of traces of nitrous 
acid we make use of a reaction which was first propo^d by Peter 
Qriess, and which is caused by nitrous acid only. It depends 
u^n the formation of an intensely-colored azo dyestuff. 

^ Peter Griess used as his reagent phenylene diamine, whereby a 
yellow dye, Bismarck brown, is formed. Recently, according to the 
suggestion of llosvay v. Ilosva,* an acetic acid solution of sulphar 
nilic acid and of a-naphthylamine is used instead. According to 
Lunge, t it is best to mix the solutions of the last two reagents. 

The reagent is prepared as follows*. 

1. 0.5 gm. of sulphanilic acid is dissolved in 150 c.c. of dilute 
acetic acid. 

2. 0.2 gm. of solid a-naphthylamine is boiled with 20 o.c. of 
water, the colorless solution is poured off from the bluish-violet 
residue, and 150 c.c. of dilute acetic acid are ^ded. 

The two solutions are then mixed and can be kept for a long 
time, provided the mixture is not brought in contact with free 
nitrous acid. If the solution should become reddish, it can be de- 
colorized by shaking with zinc dust and filtering. 

fVocedt^re.— About 50 c.c. of the water to be tested are treated 
with 2 C.C. of the above reagent. The liquid is well stirred and 
allowed to stand five to ten minutes, when it will be colored a dis* 
tinct red if the slightest traces of nitrous acid are present. 

10. Diphenylaminei dissolved in concentrated sulphuric add, 
is colored intensely blue by nitrous acid. Nitric acid and niahy ■ ■ 
other <nddizing substances, such as selenic acid, chloric add, fett& 
chloride, etc., will give the same reaction (cf. Nit ric Add). ' 

^ ♦ Bull. chim. [3] 2, p 817. * ■ . • . ■ ' ■ ■ 

t Zeitflohrift fUr angew. Chemie, Heft 2$. 
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' : ’ll. Bruciiu dissolved in concentrated sulphuric acid (accord- 
ipg to G. Lunge and A. Lwoff *) gives no reddish coloration when 
treated with nitrosyl sulphuric acid. 

Dry, several times recrystallized, silver nitrite, containing 
70.05 per cent, silver (theory 70.09), did give with brucine, in an 
atmosphere of carbon dioxide, a weak but nevertheless distinct test 
for nitric acid, probably due to the presence of toaces of nitrate re* 
l yiftining in the silver nitrite. On dissolving 15 mgm. of this same 
nitrite in water, adding an equivalent amount of sodium chloride 
and diluting to one Ito, a solution of sodium nitrite was obtained, 
of which one cubic centimeter added drop by drop with constant 
Erring to about four cubic centimeters of concentrated sulphuric 
acid yielded a solution of nitrosyl sulphuric acid, showing no sign 
of a red coloration with a drop of brucine reagent. The test was 
immediately obtained, however, on adding a trace of nitric acid 
to this solution. 

Brucine, therefore, is a reagent by which nitric acid can be 
detected in the presence of nitrous acid. 

For a description of the behavior of nitrous acid toward ammo- 
nuim salts and urea, see page 341. 

H7DR0STILPHUIUC AClD (HTDROOBH SULPHIDE), 

Occurrence and Preparation . — ^Hydrogen sulphide is found in 
volcanic regions, in many mineral waters (the so-called “sulphur" 
waters), and, in general, wherever substances containing sulphur 
are . subject to decay, or when they come in contact with decaying 
substances. Sulphates are easily changed into sulphides by the 
action of mior(K>iganisins whit^ sre present in the air; and this 
is the reason wl^ mady mineral waters contiuning sulphates 
wwell of hydiogim sulphide after standing scmie time in a coriced 
flssk. If, hoVrever^ the flask and the ^rk are sterilized, the water. 

be kept indefinitely. The foittiltion of hydrogm sulphide 
^ Bom sulihatee takes place 

>By meSns of oaibohad^ (dust, etc.) the stdphatea are 

||e«Jacsd;i*^ 

4 ^ — - 7 — — '' i 
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which are then decomposed by carbonic acid: 

Na^+ H,CO, - Na,CO,+ H^. 

Just as hydrogen sulphide is made from sodium sulphate by t)ie 
action of organic matter in the flask, so in nature the same proe^ 
brings about the presence of hydrogen sulphide m many mineral 
waters. 

For laboratory purposes, hydrogen sulphide is sunilarly pre- 
pared by the action of dilute sulphuric or hydrochloric acid upon a 
sulphide (usually iron sulphide, on account of its cheapness and 
stability). 

Properties. — ^Hydrogen sulphide is a colorless gas, with an odor 
like that of rotten eggs; it is absorbed by water at the ordiruuy 
temperatures (one volume water absorbs two to three times its own 
volume). The aqueous solution reacts slightly acid toward litmus 
(toward methyl orange it has almost no action), and becomes tur- 
bid on standing in the air, owing to its oxidation by atmospheric 
oxygen: 

2 H 2 S +0* “ 2 H 2 O +S*. 

Hydrogen sulphide burns in the air with a bluish flame to water 
and sulphur dioxide ; 

2H2S+f0j=2n:0+2'='02. 

The salts of hydrosulphuric add are called sulphides. 

SolvbUUy of Aphides.— The sulphides of the alkalies and the 
hydro- and polysulphides of the aikahne earths are soluble in water. 
The monosulphides of the alkaline earths, particularly caldum sul- 
phide, CaS, are very difiicultly soluble in water, but they are gradu- 
ally changed from contact mth wat» into soluble hydiosulphides: 

2CaS+2H,0-Calgg+Cal|g. 

The remaining sulphides are insduble in watw. Of these latter ' « 
FeS, MnS, and ZnS are decomposed by dilute hydioddotio add 
with evolution of hydrogen sulphide; others require concentot^i . ' 
hydrochloric acid, e.g., SbjS,, SnS,, PbS, NiS, CoS, CdS; while f 
rmaining are insoluble in concentrated hydrochloric «»d, but iWfiS 

an soluble in aqua re^ with separation of sulphur. , : 
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. Piw hy^gen sulphide, as has been stated, is a very weak add 
being even weaker than carbonic add. In aqueous solution, there^ 
fore, It ]8 very slightly dissociated into H and SH ions; 

The soluble neutral salts are decomposed into metal *tiA 
sulphur ions, 

RjS?=rR+R+S," 

but undw the influence of water, some of the bivalent sulphur ion» 
go over into the monovalent HS ions, 

++-- + - + - + - 
R,S+HOH ^ RSH+ROH; 

but some bivalent sulphur ions remain in solution, and, in fact 
. more in concentrated solutions than in dilute ones. 

As, therefore; an aqueous solution of a sulphide contains both S 
ions and SH ions, while the solutions of the free add only contain 
SH ions, it is plain why in many reactions the former react in a. 
somewhat different way from the latter. 

1. DUute Sulphuric Add decomposes aU soluble, and some m* 
soluble, sulphides, with evolution of hydrogen sulphide. 

2. Concratrated ^phuric Add decomposes all sulphides, on 
warming, with evolution of sulphur dioxide and depodtion of suK 
phur: 

Na^.+2H,S0,-Na^,+2H,0+S0,+S. 

But the sulphur goes over intb sulphur dioxide after being 
heated with the sulphuric add for some time: 

2H,S04+S-2H,0+3S0y 

3. SQver IHtate produoes,'in solutions of hydroi^ sulphide' 
Snd of sdutfle Aphides, a,bla(^ predi»tate of diver sulphide, 

ftoedvw, H disadvcp oik 
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4. Chloride causes no precipitation. 

5. Lead Salts (best a solution containing an excess of alkali) 
produce a black precipitate of lead sulphide. All sulphides which 
are decomposed by hydrochloric acid evolve hydrogen sulphide, 
which, on coming in contact with a piece of filter-paper moistened 
with an alkaline lead solution, colors the latter black. An insoluble 
sulphide (pyrite, arsenic sulphide, mercuric sulphide, etc.) evolve? 
hydrogen sulphide with hydrochloric acid and nascent hydrogen. 

In this c^ some powdered zinc is placed in a small test-tube, a 
little of the insoluble sulphide added, then more zinc; the mixture 
is next warmed with concentrated hydrochloric acid and the evolved 
gas tested for hydrogen sulphide with lead paper. Traces of hydro- 
gen sulphide can be detected with certainty by this reaction. 

6. Sodium Nitroprusside, [Fe(CN),NO]Na^+2I^O, is colored 
reddish-violet by S ions, but not by SH ions. Consequently hy- 
drogen sulphide itself does not g^ve this reaction, except upon the ^ 
addition of caustic alkali. This reaction is very sensitive, but not 
BO delicate as the one with an alkaline solution of a lead salt. 

7. Methylene Blue.— This reaction (which is recommended by 
Emil fisher*) is the most sensitive of all reactions for detecting the 
presence of hydrogen sulphide. It is particularly suited for detect- 
ing the presence of traces of hydrogen sulphide in mineral watera, 
even when all other tests give negative results. 

The solution to be tested for hydrogen sulphide is treated with 
one tenth of its volume of concentrated hydrochloric acid, a little 
para-amido-dimethyl-aniUne sulphate is added from the point of a 
knife-blade, stirred into the Uquid, and as soon as it ha? dissolved, 
one or two drops of a dilute ferric chloride solution is added. 

If only 0.0000182 gm. of hydrogen sulphide in a liter is present^ 
the blue color is distinctly apparent after half an houris 
while the above tests would afford negative resulta. i ■ 

8. Oxidizing Agents, such as the halogens, nitric add, chio- 1 
mates, pennanganates, ferric salts, etc., decompose hydrogen siil* 
phide vdth separation of sulphur. 

In order to detect the presence of sulphur in insoluble SQ^d^ ; 
they may be fused with a little caustic soda (on the covw <rf a porop-; ‘ 

lain crudble), when soluble sodium sulphide is formed: 

: Ni8+2NaOH»H.O -i-NiO-hNa^. 

T- rB. B. 16 , 2234 . 
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‘ Some 'sulphate is always fonned by this treatment; but the 
^ aqueous solution of the melt will always contain enough alkali sul- 
phide for any of the previous tests. 

9. Metallic Silver is blacki^ed by both free hydrogen sulphide 
and soluble sulphides: 

Afe+HjS-l-O (airl-HjO+AftS; 

. ‘ Ag,-|- NajS-l- H,0+0 (air) =2NaOH-l- Ag^. 

If oxygen and water are not present, the above reactions will not 
take place. A piece of bright silver suspended for fourteen hours in 
a sulphur spring showed no sign of darkening until it had been ex- 
jiosed to the air for a short time. 

Absolutely dry hydrogen sulphide, in the presence of absolutely 
dry oxygen, acts upon silver at ordinary temperatures only very 
slowly; it acts instantly if a trace of water is present. 

Behavior of the Sulphides on Igoition. 

' Most sulphides remiun unchanged when heated out of contact 
with the «r; arsenic and mercuric sulphides sublime. 

The polysulphides lose sulphur, which sublimes. The sulphides 
of gold and platinum lose sulphur, leavmg the metal behind. All 
sulphides when heated in the air give off sulphur dioxide, which can 
be recognized by its odor. 

The Detection of Sidphwr in Non-eUcirolytee is usually accom- 
plished by the oxidation of the sulphur to sulphuric acid (which see) ; 
tiiis can be done by fusion with an oxidizing flux (potassium carbo- 
nate and potasrium nitrate). 

8tlLFBXm,8. 

Oeeutvsnee.— Sulphur is found native in volcanic repons in the 
' form of ortiiorhom^ pyramids, and. in the nmghborhood of sul- 
phur w^en, bdhg form^ from the oudation of some of the hydto- 

§ V ^ the halogens, Buljfliur is 

|(Unled 
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By h<»ftfing polysulphides or the sulphides of the noble metab 
(gold and platinum), sulphur is also obtained. 

Sulphur exists in three alloiaropic modifications: 

1. As OrOufrhombic with a melting-point of 114® 0., 

obtiuned by crystallisatidn from solutions. 

2. As ^onodinic Sulphur, with a melting-point of 120® C., 
obtwae'd by the solidification of molten sulphur. 

3. As Amorphous Sulphur, obtained by quickly cooling thO. 
molten sulphur after it has become viscous by heating to 250® G., 
or after it has become a thin liquid after heating to a higher tem- 
perature. 

Monoclinic sulphur changes gradually into orthorhomtnc octa- 
hedrons; or, in other words, the unsymmetrical form changes into 
the symmetrical form. This is a general phenomenon: 

If a substance exists in two or more crystdUograpkie forms, the 
more symmetrical form' is always the more stable, and the less sym - , 
metrical always has a tendency to go over into the more symmetrical 
form. Thus the unsymmetrical, orthorhombic, yellow mercuric 
iodide is changed, by rubbing with a glass rod, into symmetrical, 
tetragonal, red mercuric iodide (cf. page 147); and, furthermore, 
the orthorhombic form of caloum carbonate, aragonite, chanpiip 
into hexagonal calcite. 

Both of the crystalline modifications of sulphur are soluble in 
carbon disulphide; and, by evaporating the solution, the sulphur 
always recrystallizes in the form of octahedrons. Amorphous sul- 
phur is insoluble in carbon disulphide. 

Commercial "flowers of sulphur ” is a mixture of crystalline, 
amorphous sulphur, and therefore is only partly soluble in carbon 
disulphide. 

Sulphur bums m the air to sulphur dioxide, and, in the presence 
of "contact substances,” such as platinum, oxide of iron, chromic 
oxide, etc., it is burned to sulphur trioxide also. Consequently the 
gas from p 3 rrites burners always contiuns a mixture of tiie two! 


Sulphur is insoluble in water, but soluble in hot caustic alkafi, 
.forming a thiosulphate and a sulphide: 

6NaOH-f 48-3H,0-HNa ^0,.4.2Na^.* 

* By further action of sulphur the NaJS is changed. into 
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This action is entirely analogous to the formation of hypochlo- 
rite and chlpride by the action of chlorine upon cold dilute caustic 
alkali: 

2NaOH +01,^0+ NaOa+ Naa 

Sulphur dissolves on warming with alkali sulphide, forming 
polysulphides: 

Na»S+S-Na,S,; 

Na4S+4S-Na^,. 

Sulphur is also soluble in alkali sulphites, forming a thiosulphate: 

Na^O,+S-Na^O,. 

Acetic Acid, CHjCOOH. 

Acetic acid is found in the sap of many plants, partly free and 
partly in the form of its potassium or calcimn salt. 

It is fonned by the dry distillation of wood or by the oxidation 
of alcohol. 

Anhydrous acetic acid (glacial acetic acid) solidifies below + 16” 
C., forming colorless, glistening plates. It has a penetrating odor, 
similar to that of sulphur dioxide, and is miscible with water, alcohol, 
, and ether in every proportion. It boils at 118® C. 

The aqueous solution reMts acid. It is a monovalent acid, and 
its salts, the acetates, are as a rule readily soluble m water; the 
silver salt is difficultly soluble. 

The most important commercial salts of this acid are sodium 
acetate, and lead acetate (sugar of lead), Pb(C^0^,+3B^0. 

Neutral lead acetate dissolves lead oxide with the formation of 
bamo salts:' 

Pb(C^0,),+Pb0+H,0-2PbI^^Q^; 

\ Tin Hilubfo bade aidis ain decomposed ' by eOnsidenble water, with 

yidds a pnd^tata with 
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BEACnONS IN THE WET WAY. 

A solution of sodium acetate should be used for the following 
reactions; 

1. Dilute Sulphuric Acid sets acetic acid free from its salts; it 
is quite volatile and can be recognized by its odor. 

2. Concentrated Sulphuric Acid also sets acetic acid free. If 
alcohol is added at the same time and the mixture warmed, ethyl 
acetate is formed, 

CHjCOOH+CaHjOH-HjO+CHjCOOCaHj,* 

Ethylacetate 

which can be recognized by its pleasant, fruity odor. 

3. Silver Nitrate produces, in fairly concentrated solutions, a 
white crystalline precipitate of silver acetate (100 parts of water 
dissolve 1.04 parts at 20® C. and 2.52 parts at 80® C.). 

4. Ferric Chloride colors neutral solutions dark brown, and by 
boiling the diluted solution, all the iron is precipitated as basio 
acetate (cf. page 97). 

BBACnONS IN THE DRY WAY. 

All acetates are decomposed, on ignition, leaving behind either 
the carbonate, oxide, or the metal itself, and with the evolution 
of combustible vapors and gases. 

The acetates of the alkalies are decomposed into carbonate and 
acetone; 

The acetates of the alkaline earths always leave the metal in the 
form of its oxide, while the acetates of the noble metals leave a real* 

. due of the metal itself. 

Cacodyl Keaction.— If a diy acetate (best an alkalj acetate) to 
heated with arsenic trioxide, a very repulsiveHnnelling 635 * 
tremely poisonous gas is formed, called cacodyl oxide; 

4CH,(XX)Na+AsA-2Na^+C^\A»^^ 

* Without the sulphuric acid or other dehydratiiiK aaent tin iMoUa^ 4 
takes place scarcely at all. “*a «««*s y 
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In apteof the sensitiveness of this reaction, it cannot always be 
relied on, for many other organic acids, such as butyric and valeti'* 
anio acids, give similar reactions. 

CTAmc Acid, HGNO. 

This very unstable acid is obtained by heating its polymer, 
(HCNO),; it is a colorless liquid with a very penetrating, dis- 
agreeable odor, which immediately decomposes in aqueous solution 
into carbonic add and ammonia, 

HCN0-1-H,0=C0,+ NH„ 

and these two products imite, forming monoammonium carbonate: 

CO,-t- NH,-|-H,0=NH,HC0,. 

The salts of cyanic acid, the cyanatcs, are much more stable 
than the free acid, and may be obtained by the oxidation of cyar 
nides. 

By simply fusing potassium cyanide in the air, perceptible 
quantities of potassium cyanate are formed. If, however, potassium 
cyanide is heated with oudizing substances, or those which can be 
readily reduced, it is easy to change the cyanide completely over 
to cyanate. The cyanates of the alkalies are stable in the dry state, 
but take on moisture from the air and are gradually changed into 
monoalkali carbonate and ammonia: 

KCN0-|-2H,0-KHC0,+NH,. 

SohMlity of Cyanates.— The cyanates of the alkalies and alkaline 
earths are soluble in water. Silver, mercurous, lead, and copper 
cyanates are insoluble in water. All cyanates ate soluble in nitric 
add. 

BsacnoNs in thb wet way. 

A fredil 7 >piepared, cold caution of potasdum cyanate should 
be used for these reactions. 

1. Dilute Sttlj^urie Add immediately sets cyanic add free, 
. which decomposes (as j^Ven above) into carbonic add and ammonia. 
- ^Oomi^uenitiy a carbon dioxide takes place on 

carbon dioxide always contains 
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€mall amounts of undecomposed cyanic acid; which is recognizable 
by its very penetrating odor. The solution will contain ammonium 
fnilphate; so that; if it is warmed with caustic soda, ammonia will 
be given off. 

2. Concentrated Sulphuric Acid reacts similarly. 

3. Silver Nitrate precipitates white; curdy silver cyanate, 

KCNO+AgNO,«KNO,+AgCNO, 

soluble in ammonia and in nitric acid (difference from silver oyap 
nide). 

4. Barium Chloride produces no precipitation. 

6. Cobalt Acetate is colored azure blue by a solution of potas- 
aium cyanate. The blue potassium cobaltocyanatc; Co[CNO] 4 K,; 
discovered by Blomstrand,* is formed by this reaction; and is 
obtained in the form of tetragonal crystals of a dark azure blue 
oolor. 

This blue compound dissolves in water with a blue color. If, 
however, the blue compound is subjected to the action of consider- 
able water, the color disappears, the double salt being dissociated • 
into its components: 

Co(CNO) 4 K, ^ Co(CNO)j+ 2KCNO. 

If more potassium cyanate is added to the solution which has " 
become colorless, the blue color reappears. The same result is ‘ 
reached by adding alcohol. 

Almost all commercial potassium cyanide contains some cya- 
nate. 

In order to detect the presence of cyanate in the commercial 
salt, the cyanide must first be expeUed, for the cobalt test does not 
take place in the presence of cyanide. 

Accordmg to E. A. Schneider, f the following process may be 
used: 

Thi^ to five gm. of the potassium cyanide to be tested is die* 
solved in 30 to 60 c.c. of cold water, and carbon dioxide passed into ^ 
the solution for one to .one and one half houre; the hydrocyaipo-y! 

• Journal far Praktische Chemie rai 8. Soe. 

t B.B.. 1895, p. 1640. ' - 
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acid is expelled, and monopotassium carbonate is formed, while the 
potassiiim cyanate is not affected perceptibly : 


KGN+H,OOa«HCN+ KBCO,. 

.ytif 

One C.C. of the solution is now treated with 25 c.c. of absolute 
alcohol (in order to precipitate potassium carbonate) and the pre- 
cipitate is filtered off. The alcoholic filtrate is treated with a few 
drops of acetic acid and then with a few drops of alcoholic cobalt 
acetate solution. 

. If the original cyanide contained 0.5 per cent of potassium cya- 
iiate, the blue color can be distinctly recognizedl’*' 


Hypophosphorovs acid, P~g 

\OH 

' The monobasic hypophosphorous ^cid is obtained by the de> 
composition of its barium salt with sulphuric, or of its calcium salt 
mth oxalic, acid. The salts' of hypophosphorous acid are obtuned 
by bdling phosphorus with dilute alkah, whereby phosphine is 
{^venoff: 

2P.+3Ba(0H),+6H,0-3Ba(PH,0,),+2PH,; 

P 4 + 3KOH+ 3H,0 - 3KPH,0,+ P^. 

jSoI«bi{% of Hypophotj^UeaJ—AH hypophosphites are soluble 
in water. . 

BBAcnoNs nr thb wbt war. 

^ 1 DQote Sulphuric Add.— No reaction. 

- 2 . Concentrated Sulphuric .^d reacts with hypophosphites 

only on warming, and is reduced to sulphur dioxide, which can be 
; i^gnized by its odor. 

: . Nitrate is lydoced to mdallic silver, sometimes with 

^apd sometimes without ^e evolution of hydrogen, according to the 
jj^tive amounts of 'the substances teacti^: 

|2Ntoaro«+2J^C^^4Hip^:®W<)4+2NaN08+ 

^j||^yQgd;4ABN0s.4-ffle0^^alPQ4't'NaN0a+2Aga+3HN03. 

atsd^ in Sdriih I 7 P.- Rieder oosflrin thb stetenunt, but 
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4. Barium Chloride causes no precipitation. 

5. Copper,* Mercury, and Gold Salts are reduced to metal. 

6. Concenteated Caustic Potash.— By boiling with oonce^ : 
trated caustic alkali, the hypophosphites-aie oiddized, with evolu^;; 
tion of hydrogen, to phosphates: 

PH,0,K+2K0H=K,P04+2H,. 

7. Nascent Hydrogen (zinc and dilute sulphuric acid) reduces 
hypophosphorous acid to phosphine (see Phosphorous Arid). 

a 

• I 

BBACnONS IN THE DRT WAT. 

By ignition phosphate and phosphine are obtamed: 

2H,P0,H-H,B04+PH,; 

4PH,0,Na=Na4P,0,+H,0+2PH,; 

2(PH,0,),Ca=Ca,PA+H,0+2PH,. 


GROUP III. 

Sdver Nitrate produces a white precipitate, soluble in niMo 
arid. 

Barium Chloride does the same. 

jSULFHUROUS ACID, H2SO3. 

Occurrence and Preparalton.— Sulphur dioxide, the anhydride 
sulphurous acid, is found in the exhalations of active volcano^ ’ 
and is fomed by the combustion of sulphur or sulphidn in the all 

S+0,-S0„ 

2FeS,+110-Fei0,+4S0„ 

or by the reduction of sulphuric arid on heating with sulphmk 
phides, carbon, organic substances, and nfetals 


2H^4+S -2H,0+3S0,; 

2H^4+C -2H,0+CO,+2SO,; 
2H^4+eu>-2H,0+Cu804+80y 

* With copper the reduction can go ao far that coroer hydride is 
Cf. WOrta, Onnpt. rend. 18 , 102. 
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Mercury, silver, tin, etc., act the same as copper. 

. Sulphur dioxide is also formed by the decomposition of sulphites 
and tMosulphates with stronger adds: . 

NajSO,+ H,SO,=Na^;+ H,0+ SO,; 

NaA 0 ,+H,S 0 ,-Na,S 04 +S+H, 0 +S 0 ,. 

Sulphurous acid may be prepared for laboratory purposes by 
placing a concentrated solution of sodium bisulphite in a flask and 
allovdng concentrated sulphuric acid to drop upon it. A steady 
stream of sulphur dioxide will be evolved without wanmng. 

Sulphur dioxide is a colorless gas, hamg the penetrating odor 
peculiar to burning sulphur, and is readily soluble in water and 
alcohol: one vol. water at 15° C. dissolves 45.36 vol. SOg; one vol. 
alcohol at 15° G. dissolves 116 vol. SO 2 . 

The aqueous solution contains sulphurous.add, H,SO,. If we 
attempt to isolate the add, it decom|)oses immediately into water 
and sulphur dioxide; consequently the free add is known only in 
aqueous solution. By neutralization of this solution with alkali 
hydroxides dr carbonates, the comparatively stable sulphites are 
obtained. In adviion, tuljAitea are gradvaUy dumged into oul- 
phatee. 

SalvMity of SuljikUes.— The sulphites of the alkalies are readily 
soluble in water; the remaining sulphites are difficultly soluble or 
insoluble in water, but are all soluble in hydrochloric add. 

SBAcnoNs m thb.vbt way. 

1. Dilute Sulphuric Add evolves sulphur dioxide, in the cold, 
from all sulphides, the gas bring earily recognized by its odor. 

2. Codeentrated Sulphuric Add reacts in the same way, but 
much more energetically. 

3. SUver Ifitrate p^duces, in neutral solutions of sulphites or 
in Ml Ml^eous solution of sulphurous arid, a white eiysta^e pre^ 
ri^hate of diver sulphite, 

; Na,S0i+2AgNq,*2NaNQ,+Ag,S(^ 

ill Ml (rf tl^ pf|riidtHat,^f^^ diver sodium sul* 
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By boiling this solution the silver is precipitated as a gray metal; 


Ag\ 

Na^^* 

Na\ 

• a /^0 


» Na^4+ SO,+ Aft. 


If the precipitate of silver sulphite suspended in water is boiled, 
half the silver is reduced to metal, while the other half goes into 
solution of sulphate: 

!^o-a&so.+so.+as,. 

Silver sulphite ^soluble also in ammonia and in nitric acid. 

4. Barium Chloride produces no precipitation in an aqueous 
solution of sulphurous acid, but in neutral sulphite solutions white 
barium sulphite is precipitated, 

NajSO,+ BaCl,=2Naa+ BaSOj, 

readily soluble in cold dilute nitric acid. By boiling the solution, 
barium sulphate is formed, which separates out. As the sulphites 
in aqueous solution are gradually changed to sulphates, commercial . 
sulphites often contain sulphate. In this case the precipitate pro- : 
duced by barium chloride contains barium sulphate, which is insolu- 
ble in dilute nitric or hydrochloric acid. If the barium sulphate is 
filtered off aiid the filtrate treated with chlorine or bromine water,; 
a white precipitate of barium sulphate is formed, provided a sul- 
phite was originally present; 

H,SO,+ BaCl,+ H,0+a,-4Ha+ BaS 04 . 

'-j 

5. Strontium and Calcium Salts behave similarly to the baridiriv ^ 
salt. 

The sulphites of the alkaline earths vary in their solubilities in]; | 
sulphurous acid and in water. 

Calcium sulphite readily dissol^^ in an excess of sulpbutbl^ 
acid, forming monocalcium sulphite: * - ■ 

GaSO,+H,SO.-GaH,(SO^y 
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. On boiling this -solution, sulphur dioxide escapes, and calcium 
sulphite is reprecipitated. 

The strontium salt also dissolves in sulphurous acid, but more 
(Ufficultly; the barium salt is prac^tfipally insoluble in sulphurous 

add. 

SOLOBIUTT OF TBB AlXALINE>BARTB SunpmTXS IN Wathb. 

One part calcium n&phite diasolves in 800 parts water at 18’ C. 

“ “ strontium " « “ 30,000 “ " " 18’ C. 

" “ barium « " « 46,000 “ " " 18’ C. 

Advantage' is taken of the difficult solubility of strontium sul- 
phite in detecting sulphurous acid in the presence of thiosulphuric 
add (which see). 

6. Lead Salts precipitate white lead sulphite, soluble in cold 
dilute nitric acid; but on boiling the solution lead sulphate is 
predpitated. 

7. Sodium Nitropmsdde and Zinc Sulphate.— If a neutral 
sulphite solution is treated with a dilute solution of sodium nitro- 
prusside, a faint pink coloration is produced. If, however, consid- 
erable zinc sulphate is added, the coloration becomes a distinct red. 
The reaction is still more sensitive if a little potassium ferrocyanide' 
is added, a red precipitate being formed (difference from tiiiosul- 
phutio acid). This reaction, although very delicate, is not so relt* 
i^le as the precipitation with strontium chloride. 

Sulphurous acid is a stroi^ reducing agent. 

. 8. Iodine Solutions are decolorized by sulphurous add: 

H,SO,+ HjO-l- 1, 2HI+ H^4. 


9. Add Potassium Permanganate Solutions are also decolor- 
ized, sulphuric and dithionio acids being formed in varying amoimts 
according to the temperature and concentration. 

. Under certain coiiditiohs the reaction can take place according 
tbtlm foUomng equations: 


/^iul(^ ot|^ the sulphurous add can be 

Oonsequently, sulphurous 
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' add cannot be determined quantitatively by means of potaadtus 
permanganate. 

10. Add is reduced to green chromic salt: 

2 Cr 0 ,+ 3 S 0 ,= 3 S 0 ,+Cr, 0 ,«[Cr,(S 04 )J. 

11. Mercuric Chloride is unaffected by sulphurous add at 
ordinary temperatures; but, on boiling, it is reduced to mercurous 
chloride, 

2 HgCl,+ H,0-2HC1+ H,S04+ Hg,Cl„ 

and on adding more sulphurous add,, the merdurous salt is reduced 
to gray metal. 

12. Mercurous Nitrate is immediately acted upon by free sul- 
phurous acid and by alkali sulphite solutions, with the formation of 
a black precipitate. 

13. Gold Solutions are also reduced. 

14. Nascent Hydrogen reduces sulphurous acid to hydrogen 
sulphide, which can be recognized by its odor and by its turning 
lead acetate paper black. The reduction is best effected with zinc > 
and dilute hydrochloric acid. 

REACTIONS IN THE DRY WAT. 

The sulphites of the alkalies, when heated out of contact with 
the air, are changed to sulphate and sulphide: 

iNajSO, 

1^1 -3Na^.+NisS. 

Na^lOKX) 

By heating an alkali sulphite in the closed tube this rea^tiCQ 
takes place, and there is no sublimate of sulphur (difference froni^^; 
thiosulphates). If the melt is treated with hydrochloric acid aft^t 
cooling, hydrogen sulphide is pven off freely. ‘al 

The remaining sulphites are changed, on bring heated oii^ 
contact with the rir, into sulphur dioxide and oxide'of the 

CaSO,-CaO+SO,; 

Ag^,- Aftd- S0,+ 0 
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|l any sulphite is heated iirith sodium cartxmate on charcoal, ' 
: sodium sulphide is formed. If the melt is placed upon a bri^t 
silver coin and moistened with water, the silver is blackened, owing- 
to the formation of black silver sul^^e (Hepar reaction) : 

2NajSO,+ 30-300, +2Na^, 
and 

Na,S+ Ag,+ H,0+ 0 *.-2NaOH+ AftS. 

This Hepar reaction takes place with all sulphur compounds, 
and' therefore shows simply the presence of sulphur. 

/OH 

CAKBOmC ACID, C^O . 

\0H 


like sulphurous add, pure carbonic add does not exist; bdng 
knowp only in aqueous solution, which is decomposed, on boiling 
.into its anhydride, a gas which escapes from the hot solution. 
This anhydride, 00„ is formed by the combustion of carbon and 
of carbonaceous matter of all kinds, and is found therefore very 
widely distributed in nature (in small mounts in the atmosphere, f 
• and in enonnous amounts in volor.nic regions, streaming out from 
fissures in the earth). Carbon dioxide occurs’also in many mineral 
waters, and (in the liquid state) is found endosed in quartz, feld- 
spar, etc. As carbonate it exists in enormous quantities as Jime- 
Btone, marble, aragonite, dolomite, etc. Carbon dioxide is a colors 
less, odorless, slightly add-tasting gas, with sp. gr. 1.52. Being, 
tlmrefore, one and one half times as heavy as air, it can be poured 
from one vessel into another. It is comparatively soluble in water; 
one volume of water dissolves at 0 ^ C. almost twice its volume of 
carbon dioxide; at< ordinary temperatures it dissolves its own 
Volunie of gas.' Cadran dioxide does not support combustion; a 
i >J^urning candle goesbut in cdr contaiiting 8 - 10 i)er cent, of this gas.t 


0 ' t yiue alr. wmtsitw 0A5 h 5.40 pw cent, of (X}^ In dweUing places the 
casto^i facTOSsos'- .ddddeia^, to bteat^^ and other fonna of 00 m- 

H S-4 per osab ib pre^^ ease in mines so i aetimas, breath- 

.^MWpus d^|lj^,!im lt^l> begins to biun faintly; ehils 


bui lt tends to 

. pimws vHfagr tide .shonld' be toe 
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In aqueous solution carbonic acid reacts acid; t)ut its con^ 
ductivity is extremely small, it being slightly dissociated. It is not 
decomposed into H and COgions^ but according to the following 
equation, 

H,C 03 ?:±H+HC 0 „ 

into H and monovalent HCO, ions, and this only to a slight extent; 
by increasing, therefore, the concentration of the H ions (addition 
of a stronger acid) the carbonic acid is scarcely dissociated at ,all. 
If the solution then becomes supersaturated with HjCO,, the ex- 
cess is decomposed into water and carbon dioxide, and the latt^ 
escapes from the solution. 

The salts of carbonic acid, the carbonates, are formed: 

1. By passing carbon dioxide gas into a solution of a metallic 
hydroxide: 

2NaOH+ C 03 -H, 0 + Na^CO,; 

Ba( 0 H) 2 +C 0 j-H 30 +BaC 03 . 

2. By the action of carbon dioxide upon cyanides, sulphides^ 
and borates of the alkalies and alkaline earths. 

3; By the ignition of salts of organic acids (cf. page 39). 

An illustration of the preparation of large amounts of carbonate 
is the production of potash by burning parts of plants (wood, for ^ 
example, or the residue from the manufacture of beet sugar, the 
lattcrbeing particularly rich in potassium salts). 

SolubUUy of Carbonates . — Of the normal carbonates, only those 
of the alkalies are soluble in water; and their aqueotis solutions 
react alkaline, owing to hydrolytic decomposition: 


N^c 6,+ HOH 4=t Na+ Na+ OH+ HCO,. 

The aqueous solution of the carbonates of the alkalies, therefore, 
behaves as if it were a solution of caustic alkali and y 

bonate (or bicarbonate) : 1 

Many carbonates dissolve in an excess of carbonic acidic 
bicarbonates, particularly' the alkaline-earth carbonates; " ^ ^ 

CaC6,+ H^C^^-CaH/CO,),. 
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By boiling a solution of calcium bicarbonate, the latter is de- 
composed into water and carbon dioxide, so that calcium carbo- 
nate is reprecipitated: 

CaH,(CO,), - CO,+ CaCO,. 

Almost every sample of drinking-water contains caldum or 
magnesium bicarbonate; they become turbid, therefore, on boiling 
(boiler scale). Dilute, cold mineral acids decompose all carbonates 
with effervescence (due to evolution of carbon dioxide gas). 

The native carbonates of magnesium and iron (magnesite, 
siderite, and dolomite) do not effervesce if a lump of the mineral is 
treated with cold dilute mineral acids, but when reduced to a fine 
powder they are more rlhdily acted upon; on warming, all carbo- 
nates dissolve readily. 

REACTIONS IN THE WET WAT. 

1. Dilute Sulphuric Acid decomposes all carbonates with 
effervescence, with the exception of magnesite, siderite, and dolo- 
mite; the reaction takes place in the cold. The experiment is best 
performed by placing a little of the substance in a test-tube, covering 
it with dilute sulphuric acid, and warming. As the carbon dioxide 
is heavier than tur, the gas can be poured into a second test-tube 
containing a little barium hydroxide or lime water. If now the 
second test-tube is shaken, a turbidity due to the formation of cal- 
cium or barium carbonate will be formed, provided a carbonate 
was originally present. 

A blank test should always be made by pouring some barium 
hydroxide into a test-tube, and shaking it. A turbidity of the latter 
solution can always be defected, owing to the presence of carbon 
dioxide in the ur. If the tuibidity produced in the first case is 
stronger than that formed in the biank test, carbon dioxide was 
given off from the substance tested; but if no distinct difference can 
; be detected, the ^periment diould be repeated in an atmospherei 
I hne firomcatbon d 

' ^ teit-tube containing the original sub- 

!^||fee^ce is ::pr^^ luhber stopper (xm two holes. - 

^ of a small sc^iatoiy funnel 

thni^ added; in the 
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: ’other hole a right-angled glass tube is introduced, so that the eoSl 
of the tube is level , with the lower surface of the rubber stopper. 
This tube should be loosely filled with cotton Wool,'*' and connected 
{by means of rubber tubing) with a second test-tube also provided 
with a two-holed rubber stopper. Through one of the latter holes 
a rig^t-angled tube is introduced, extending to the ‘ bottom of 
the tube; m the other hole is placed the stem of a funnel, which 
contains a folded filter-paper. A stream of iur free from carbon 
dioxide is now conducted through the apparatus for half an hour, 
the air passing through a solution of caustic potash and then through 
a tube filled with soda lime before reaching the apparatus. A little 
barium hydroxide solution is then filtered into the second test-tube, 
and a little more of the purified air pa^sedthrough the apparatus in 
order to make sure that the latter is absolutely free from carbon 
dioxide (the baryta water should remain dear). Dilute sulphuric 
add is now added to the substance, and the purified air is conducted 
through the apparatus very slowly (two to three bubbles a second). 
If the solution of barium hydroxide becomes turbid, the presence 
of a (^bonate is assured. 

2. Concentrated Sulphuric Acid reacts in the same way as 
dilute sulphuric add, only more violently. 

3. Sfilver Nitrate predpitates white diver carbonate, which 
becomes ydlow on the addition of an excess of the reagent. On 
boiling with considerable water, the carbonate is partly decom- 
posed into brown silver oxide and carbon dioxide; but the 

add is not completely set free except on heating to 200° C. Silver 
carbonate is very soluble in ammonia and in nitric add. 

4. Barium Chloride precipitates white, voluminous barium 

carbonate, in the cold, which gradually on standing, but mote 
quickly on warming, becomes crystalline and denser. ' ' 

Behavior of Carbonates on Ignirimi, 

The carbonates of the alkalies mdt, with but slight depom!*.. 
position. Barium carbonate is not decomposed by the bUnrpipe: ' 
when placed on charcoal and does not melt; only at # wfatte ; bedt* 

• The Tv-ad of cotton wool eervee as a filter, preventing any. sdphihiC;|tdd^^ 
from being carried over into the second test-tube, 'whieh woi^ ttSslf 
a tuibidity it it came in contact with the barium h}’droxide aolul^ 
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is it deoompoaed into infumble barium oxide and carbon dioxide. 

> AU remaining carbonates are decomposed at the temperatme of the 
blowpipe into oxide and carbon dioxide. The oxides of the noble 
metals are further decomposed intprjnetal and oxygen. 

/OH 

Boiac (BoRAac) Acid, 

\OH 

Ocewrrence. — ^Boric acid is found native as sassolite; in the form 
of its Sodium salt, as borax or tinkal,-t as boracite, 2Mg^B,Ou+MgClj: 
nnd in many silicate, such as axinite, touijnaline, datolite, etc. 

Crystallized boric acid forms colorless plates, with a mother-of- 
pearl lustre, which are soluble in water (100 parts water, dissolve 
four parts of boric acid at 15° C;, and 33 parts at 100° G.). The 
aqueous solution reacts acid, and is a poor conductor of electricity. 

By heating boric acid to 100° C., it loses one molecule of water 
and 'is changed to metaboric acid, HBO,. The latter loses more 
water when heated to 160° C., forming pyroboric acid, H,B 407 ; 
which, on ignition, loses all its water, being changed to the anhy- 
dride of boric acid, boron trioxide, which remains as a difficultly 
volatile hydroscopic glass. 

The salts of boric acid, the borates, are derived from the meta- 
and pyroboric acids. The salts of the ortho add, H,BO„ are not 
known in the pure state. 

Solubility of BoraUt.— Tbs borates of the alkalies dissolve in ' 
water, and the solution reacts alkaline. 

A concentrated solution of borax behaves as if it contained 
sodium metaborate, free boric add, and a small amount of caustic 
alkali; 

Na^ 407 -f 3H,0 2NaBO,-|- 2^BO,; 

NaBG,+ 2HOH NaOH-f- H,BO,. 

Tbe more dilute the solution, Ibe greater the extent to whidi 
the hydrolyds re{>re8ented by the second equation will take place; 
SQ that a veiy (ffiute solution of borax will react as if it contained; 
amj^y sodium hy^xi^ 

& a a metal, forming 

and dilute: 

aUnlip. 
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I'i A solution of an alkali bon^ will behave differently towards 
' reagents, therefore, according to its concentration and t^perar 
ture. The rwaining borates are difficultly soluble in water, but 
readily soluble in acids and in ammonium chloride solution. 

BEACnONS IN THE WET WAY. 

For tirese reactions a solution of borax should be used. 

1. Dilute Sulphuric Acid.— No reaction. 

2. Concentrated Sulphuric Acid.— No visible reaction. Most 
borates are decomposed by sulphuric acid, setting free boric add, 
and the latter is capable of coloring the non-luminous gas-flame with 
a characteristic green tinge. 

If, therefore, a little solid borate is placed in the loop of a plati- 
num wire, moistened with concentrated sulphuric acid, and heated 
at the edge of the Bunsen flame, the characteristic green coloration 
will be noticed. 

A great many natural silicates containing boric add, when tested 
in theBrbove manner, will not g^ve this flame coloration. To pro- 
duce this coloration the mineral is mixed with calcium fluoride and 
potassium acid sulphate, placed in the loop of a platinum wire, and 
heated on the outer edge of the flame, when the latter will be colored 
distinctly green, owing to the formation of volatile boron fluoride.' 

3. Concentrated Sulphuric Acid and Alcohol.— If an i».lkafi or 
alkaline-earth borate is treated in a platinum crucible with a- Whol 
(best methyl alcohol), then with concentrated sulphuric add, the 
mixture stirred and the alcohol lighted, a green-bordered ^ 
appear, due to the formation of boric acid methyl (ethyl) ether. 
B(0CH,),. 

4. ^ver Nitrate produces, in moderately concentrated cold 
borax solutions, a white predpitate of silver metaborate; 

Na,BA-t-3H,0-f-2AgN0,-2NaN0,-|-2H,B0,+2Ap0,. 

On warming, a brown predpitate of silver oxide is obtained: 
2AgB0,+ 3H,0-2H^0,+Ag,0. 

From very dilute solutions, in the cold, diver nitrate producM 4; 
brown precipitate of silver oxide. 

Silver borate is soluble in ammonia and in nitric acid. 
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6. Barium Chloride produces, in fairly concentrated solutions^ 
a white precipitate of barium metaborate:. 

NaiBAH- BaCl,+ 3H,0 -.2NaCl+ 2H,BO,+ Ba(BO,)„ 

soluble in an excess of barium chl^de and in ammonium chloride. 

6. Calcium and Lead Salts beliave similarly to barium chloride. 

7. Turmeric. — ^If a piece of turmeric paper is placed in a solu~ 
tion of free boric acid, apparently no change will take place, but if 
the paper is dried, it becomes reddish brown. If the brown paper is 
again dipped in the solution of boric acid, the color remains; which 
is also true if the paper is dipped in a dilute sulphuric or hydrochloric 
acid solution (difference from the alkali test with turmeric paper). 
If the reddish-brown paper is moistened with caustic soda or potash 
solution,, the paper becomes bluish black; or, if only a small amount 
. of boric acid is present, grayish blue. Borate splutions, when acidi- 
fied with dilute hydrochloric acid, give the same reaction. This 
sensitive and convenient test for boric acid must be used with 
caution, for acid solutions of zirconic, titanic, tantalic, niobic, and 
molybdic adds also color turmeric paper brown. 

The reaction is much more sensitive if, instead of using the 
turmeric paper itself, an alcoholic extract is made from a few 
pieces of turmuric root. Two or three drops of the yellow solution 
thus obtained, are placed in a porcelain dish, the solution to be 
tested for boric add is added, acidified with acetic add, and evapo- 
rated to dryness on the water-bath. If as much as -rfv mg. of B,Q^ 
is present, the reddue is colored a distinct reddish brown, wMe 
mg. suffices to cause a visible reaction.* . 

8. Merctttic Chloride producm a red predpitate. 

Behayior .of Borates on lotion. 

The hydrated borates of the alkafies melt with effervescence, 
forming a colorkes g^ass. 

This has tite property of (fissolving many metallic oxides 
when heated, whereby .the often very characteristically-coloiied 
meteborates ail formed (borax beads); thus copper oxide is dis- 
wived, forming a idue glass; 

'*A.iSms. 
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If this bead is heated in the reducing flame with carbon) 
two things can happen: 

(a) The colored cupric salt is reduced to colorless cuprous salt: 

4NaBO, + 2Cu(BO,), + C = CO + NajB^O, + 2NaBO, +Cu,(BO,),. 

(h) The cupric salt is reduced to metallic copper, so that the 
bead appears reddish brown and opaque: 

4NaBO,+2Cu(BO,),+C=CO,+2Na^A+Cu,. 


COOH 

OXAUC ACID, I 

COOH 

Occurrence and Preparation . — Oxalic acid occurs, in the form of 
its acid potassium and calcium salts, in the sap of many plants. 

It is prepared in lai^ amounts by fusing sawdust with caustic 
alkali. The resulting potassitun salt is precipitated with milk of 
lime, forming the insoluble calcium salt; and the latter is decom- 
posed with sulphuric acid. Oxalic acid is also formed by the oxida- 
tion of innumerable organic substances (such as sugar, starch, cellu- 
lose (paper)), by means of concentrated nitric acid. 

It crystallizes from aqueous solutions in the form of colorless 
COOH 

^monoclinic prisms, ^ +2H,0. 

By allowing the hydrated acid to stand over sulphuric acid the 
water is lost, and the anhydrous ^cid remains, which, when heated to 
about 150° C., sublimes, fomring needles. If heated still liigher, it 
is completely decomposed into water, carbon dioxide, and carbon 
monoxide: 

COO|H 


Hie eiystallized, hydrated add is soluble in water, alcohol, or 
ether: 

100 parts water at 20^ G. dissolve 11.1 parts oxalic add; 

100 “ alcohol at 15° C. dissolve 33.2 parts oxalic add; 

100 “ ether at 15° C. dissolve 1.5 parts oxalic acid. 
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Oxalic add is a fairly-strong, dibasic add, and fonns neutral, 
add, and peracid salts: 

COOK COOK COOK COOH 

iooK iooH 


I I +2HjO. 
COOH COOH 


" ■ T 

Potassium l^assium Potassium tetroxakte 

oxalate biuoxalate ■ 

Solubility . — The oxalates are mostly insoluble in water, with the 
exception of the oxalates of the alkalies and of magnesium. In an 
excess of an al ka li oxalate many of the insoluble oxalates dissolve, 
forming double salts. All oxalates dissolve readily in mineral adds.. 


REACTIONS IN THE WET WAY. 


A solution of ammonium oxalate may be used for the following.- 
reactions: 

' 1. Dilute Sulphuric Add. — ^No reaction.* 

2. Concentrated Sulphuric Acid, on warming, acts as a dehy- 
drating agent, causing the evolution of equal volumes of carboa 
monoxide and carbon dioxide; the latter bums with a blue flame: 


COOH 

<!xdoh 


-H,0-C0,+C0. 


3. ^ver Nitrate precipitates white, curdy silver oxalate, 

eOONH, 

I +2AgN0,-2NH,N0.+Ag,C,0„ 

COONH« 

almost insoluble in water, but readily soluble in ammonia and in 
nitric add. 

4. Barium Chloride predpitates white barium oxalate, soluble 
in oxalic and acetic adds. 

5. Calcium Chloride precipitates white calcium oxalate, in- 


* In the presence of manganese dioxide, all oxalates evolve CO, with di- 
lute HiSO,: 

COOH 

I + MnO, + H 3 SO 4 * MnSO, + 2H,0 + 200,. 

COOH 

In the same way CO, is given off by the action of KMnO, and dilute H,SO^ 
at about 60* C.: 

2KMn04 + 5H^O. + SB^SO, - K,S04 + 2MnS04 + 8H,0 + 1000^. 
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soluble in oxalic acid, ammonium oxalate, and acetic acid, but 
readily soluble in hydrochloric and nitric acids. It is the most 
insoluble of all oxalates. 

6. Lead Salts precipitate white lead oxalate, soluble in nitric 
acid. 

Behavior of Oxalates on Ignition. 

All oxalates are decomposed on ignition with slight carboniza- 
tion. The oxalates of the alkalies and barium oxalate are decom- 
posed to carbonate, with the evolution of carbon monoxide. The 
oxalates of the noble metals, and of iron, nickel, cobalt, copper, 
etc., leave the metal itself. 

COOH 

jjHOH 

Tartaric Acid, I , (or . 

CHOH 

iooH 

Occurrence.— Tartaric acid occurs partly free and partly as its 
acid potassium salt in many fruit saps, particularly in that of the 
grape. 

The free acid crystallizes in clear, monoclinic prisms, without 
water of crystallization. Its aqueous solution is optically active, 
turning the plane of polarized light to the right.* 

Tartaric acid is very readily soluble in water (100 parts water 
dissolve at 15** C. 132 parts of tartaric acid) and alcohol, but it is 
insoluble in ether. The salts are called tartrates. 

SolvbitUy . — ^The neutral alkali tartrates are very soluble in water, 
as also' is acid sodium tartrate, while the acid potassiiun and the 
acid ammonium tartrates are difficultly soluble in water. 

The remaining tartrates are difficultly soluble in water, but all 
dissolve, more or less readily, in neutral alkali tartrate solution, 
forming complex salts. 

The most important commercial salts of this acid are cream 
of tartar,” "Rochelle salt,” and "tartar emetic.” 

* Three other modifications of this acid exist, possessing the same chem- 
ical formula, but differing in their physical properties. One of these turns 

the plane of pdaiised lij^t to the left, and the others are optically inactive. 
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BRACTIONS IN THE WET WAT. 

A solution of Rochello salt (sodium potassiulS tartrate) may be 
used for these reactions. 

1. Dilute Sulphuric Acid.— No reaction. 

2. Concentrated Sulphuric Acid causes carbonization on warm* 
ing, with evolution of sulphur dioxide. 

3. Silver Nitrate produces no precipitation in a solution of free 
tartaric acid, but in the solution of a neutral tartrate, a white, curdy 
precipitate is immediately formed, 

2AgNO,=2KNO,+ Ag,C^H A, 

readily soluble in nitric acid and in ammonia. By warming the 
ammoniacal silver solution, metallic silver is deposited. Tliis very 
important reaction for the detection of tartaric acid is performed 
in the following manner: 

The pure tartrate solution is treated with nitrate of silver untii 
no further precipitation takes place, when dilute ammonia is added 
drop by drop until the precipitate just dissolves; and the test- 
tube containing the solution is then placed in water which has a 
temperature of 60-70° C. After standing for fifteen minutes 
(twenty at the latest), the silver will be deposited in the form of a 
beautiful mirror on the sides of the test-tube. This very delicate 
reaction cannot be performed with certainty in the presence of 
other acids. In this case the tartaric acid should first be precipi- 
tated as acid potassium tartrate, by treating the solution (which has 
been concentrated as much as possible) with solid potassium car- 
bonate until alkaline, whereby the tartaric acid is changed to 
soluble potassium tartrate. If the solution is carefully acidified 
with concentrated acetic acid, a precipitate of acid potassium tar- 
trate vill form at once if considerable tartrate is present;* this is 
•filtered off, washed with a little cold water, and dissolved in as little 
caustic soda solution as possible. In this way a solution is obtained 

* If no precipitate is formed on the addition of the acetic acid, a little 
alcohol is added, which causes the precipitate to form at once. It is filtered 
off, washed with diluted alcohol, dried, dissolved in dilute sodium hydroxide, 
and treated as above. If the alcohol is not removed by drying, a mirror is 
sometimes formed when tartaric acid is absent. 
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which will readily give the silver mirror on the addition of silyer 
nitrate and treatment as above. 

4. Calcium and Barium Chloride. — to a concentrated solu- 
tion of neutral alkali tartrate, in the absence of ammonimn salts, cal- 
cium chloride is added drop by drop, a white amorphous precipi- 
tate is formed which sedissolves, forming readily soluble calcium 
alkali tartrate: 


COOK 

1 

COOK 

1 

KOOC 

1 

2CHOH 

(3HOH 

HOHG 

1 +CaCl,- 

2KCH- 1 

1 

CHOH 

CHOH 

HOHC 

o 

-8 

(lx)0-Ca— 

ooi 


Only after the addition of enough calcium chloride to completely 
decompose the alkali tartrate is a permanent precipitate formed, 
which at first is flocculent, but soon becomes crystalline, consisting 
of neutral calcium tartrate: 


K;C 4 H A+ CaCl,= 2Ka+ CaC^HA. 

In dilute solutions the first addition of calcium chloride often 
produces no precipitation; but after standing some time (or more 
quickly on rubbing the sides of the test-tube with a glass rod) the 
crystalline precipitate is deposited, CaC 4 H 40 ,+ 4H,0. Calcium tar- 
trate is very difficultly soluble in water; 100 parts water at 15® C. 
dissolve 0.0159 part of the crystalline salt, and 100 parts boiling 
water dissolve 0.0285 part of the salt. The precipitate is soluble 
in acetic acid (difference from calcium oxalate) and also in a solu- 
tion of concentrated caustic alkali (free from carbonate), probably 
forming a complex salt: 


COO 

1 

\ 

COOK 

1 

KOOC 
, 1 

CHOH 

CHOH 

HOHC 

J, „ 

2KOH ^ ELO-|* 


1 

CHOH 

/ 

CHOH 

HOHC 

V Ai- 


O / C00-<5aM>-0ar-00( 


On boiling this solution, calcium tartrate is reprecipitated in the 
form of a voluminous gelatinous precipitate, which again goes into 
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solfution on cooling. The presence of ammonium chloride retards 
the formation of the calcium tartrate, but does not prevent it; after 
standing some time, the precipitate settles out in the form of a 
heavy crystallizing powder (difference from citric acid). 

5. Potassium Salts produce no precipitation in neutral solutions 
of alkali tartrates; but if the solution is acidified with acetic acid, a 
precipitate of crystalline acid potassium tartrate’*' is formed imme- 
diately or after standing some time, according to the concentra- 


tion of the solution: 


COONa 

COOK 

Ahoh 

Ahoh 

1 -|-Ka+CH,COOH= 
CHOH 

■CH,COONa+Naa+ | 

CHOH 

ioONa 

Aooh 


The acid potassium tartrate is difficultly soluble in water (100 
parts water dissolve 0.45 part of salt) and in acetic acid, but is 
readily soluble in mineral acids or in caustic alkali and alkali car- 
bonate solutions. 

If a concentrated solution of free tartaric acid is treated with 
potassium chloride, a precipitate of the acid potassium tartrate is 
formed in spite of the presence of the hydrochloric acid which is set 
free. From dilute solutions the precipitate appears only after 
adding sodium acetate (cf. page 38). 

6. Lead Acetate produces in neutral solutions a white, floccu- 
lent precipitate of lead tartrate, easily soluble in nitric acid and in 
ammonia. 

BEACnONS IN THE DRT WAT. 

If tartaric acid itself is heated to 135° C., it fuses, and on stronger 
ignition it is decomposed, leaving a residue of carbon and giving 
Off empyreumatic odors (^ell of burnt sugar). 

The alkali tartrates are also decomposed by ignition, leaving 
a residue of carbon and alkali carbonate, winch effervesces on 
treatment with acid. 

Ammonium tartrate leaves a residue of carbon, which does not 
effervesce on treatment with acids. The tartrates of the alkaline 


* Cream of tartar. 
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earths leave behind a mixture of carbon and 'cat'bonate; on very 
strong ignition the latter is changed to oxide. 

The tartrates of those metals whose oxides are reduced by car* 
bon are left in the form of metal (Ag, Pb, Fe, Ni, Co, etc.). 

CH,-COOH 

I 

Citric acid, C(OH)-cooh. 

Jh,— COOH 

Citric acid is found in nature in the juices of many fruits. It is 
a tribasic acid, readily soluble in water and in alcohol, but diffi' 
cultly soluble in ether. Its salts are called citrates. 

Sdvbiliiy.—Tha citrates of the alkalies are readily soluble in' 
water, and form, with the insoluble citrates of the heavy metals, 
readily soluble complex salts, whose solutions are not precipitated 
by ftlkali hydroxides, alkali carbonates, ammonia, etc. 

BEACnONS IN THE WET WAY. 

A solution of potassium citrate may be used. 

1. Dilute Sulphuric Acid. — No reaction. 

2. 'With Concentrated Sulphuric Acid carbonization and evo- 
lution of sulphur dioxide take place on warming. 

3. Silver Nitrate produces in neutral solutions a flocculent pre- 
cipitate of silver citrate, A^GeH,0,, readily soluble in nitric acid 
and in ammonia. On heating the ammoniacal solution to 60° C., 
no silver mirror is formed; but on heating the solution to boiling, 
the silver is gradually deposited. 

4. Barium and Calcium Chloride ^ve no precipitation in neu- 
tral mlutions (difference from tartaric acid). If, however, caustic 
soda solution is added to the solution which contains an excess of 
calcium chloride, a flocculent precipitate of tertiaiy calcium citrate 
is at once formed, insoluble in caustic alkali, but readily soluble in 
ammonium chloride. On boiling the solution in ammonimn chlo- 
ride, crystalline calcium citrate is precipitated, which is now in- 
soluble in ammonium chloride. 

5. Lime Water in excess produces no precipitation in solutions 
of neutral citrates; but on boiling a flocculent precipitate of cal- 
dum dtrate is formed, which almost entirely redissolves on cooling. 
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. 6. Lead Acetate precipitates from solutions of the free acid, and 
those containing neutral salts, amorphoils (C 6 H 607 ) 2 Pb 3 +H 20 . 

7. Mercuric Sulphate. — Denig^s’ reagent: 5 gm. HgO dissolved 
in loo c.c. of water and 20 c.c. cone. H2SO4. The solution of the 
citrate is treated with 1/20 as much reagent and heated to 
boiling, after which a few drops of N/10 KMn 04 solution are 
added. A white crystalline precipitate is formed. The test is 
sensitive and can be made in the presence of tartaric, malic, oxalic, 
sulphuric, and phosphoric acids.* 

HEAcrrioxs in the dby way. 

T}ie citrates, on ignition, behave exactly like the tartrates. 

/O 

Phosphorous Aao, P_Qg . 

\H 

Formation. — By the slow combustion of phosphorus in the air 
phosphorous trioxide is formed, being the anhydride of phosphorous 
acid, which it forms on treatment with cold water: 

P 2 O 3 ■I"3H20=»2H3P03. 

Phosphorous acid is formed much more readily by the action of 
water on the trihalogen compounds of phosphorus: 

PCI 3 +3HOH = 3HC1 +H 3 PO 3 . 

The hydrochloric acid is removed by evaporation, and the last 
traces of uncombined water by heating to 180° C. If the mass is 
then allowed to cool, it solidifies to a crystalline, hygroscopic sub- 
stance which melts at 70° G. 

By neutralizing the 'solution of phosphorous acid with bases, 
the phosphites ^ obtained. It is never possible, however, to re- 
place more than two of the hydrogen atoms with metal; so that 
phosphorous acid f is considered a dibasic acid. * 

SolvbUity . — Only the phosphites of the alkalies are soluble in 
water, but they are all soluble in acid. 

REACTIONS IN THE WET WAY. 

A solution of sodium phosphite should be used. 

1. Dilute Sulphuric Add. — No reaction. 

2. Concentrated Sulphuric Acid causes no reaction except on 

* Comptes rend., 130, p. 32. 

t Certain organic compounds are known, however, whidi are derived from 
tribasic phosphorous acid, P(OH)r 



3>o REACTIONS OF THE METAUOIDS. 

3. Silver Nitrate produces at first a white precipitate of silver 
phosphite, 

Ni^HPO,+2AgNO,-2NaNO,+Ag,HPO„ 

which in the case of a concentrated solution is changed in the cold 
to metallic mlver; while in dilute solutions this r^uction takes 
place only on wanning; 

Ag,HPO,+ H,0 = H,PO,+ Ag,. 

4. Barium Chloride precipitates white barium phosphite, 
soluble in all acids. 

5. Lead Acetate precipitates white lead phosphite, insoluble in 
acetic acid. 

6. Mercuric Chloride is slowly reduced by phosphorous add in 
the cold, but more quickly on warming, to mercurous chloride: 

2HgCl,+H,P0,+ H,0=H,P0,+2HCH-Hg,Cl,. 

If the phosphorous acid is present in excess, the reduction in 
the hot solution (not in the cold) goes further, and gray metallic 
mercury is deposited: 

Hg,Cl,+H,P0,+H,0=H,P04+2Ha+2Hg. 

7. Nascent Hydrogen (zinc and sulphuric add) reduces phoe* 
phorous add to phosphine: 

H,P0,+6H-.3H,0+PH,. 

If the phosphine is allowed to act upon a concentrated solution 
of silver nitrate (1 : 1) , or better still, upon solid diver nitrate, the 
latter is colored yellow, as with arsine: 

PH,+ 6AgNO,- PAg,- 3AgNO, + 3HNO,. 

By the addition of water this yellow compound is decomposed 
with sepfuation of grayish-white silver: 

PAgi • 3AgNO,-i- 3H,0 - 3HNO,+ H,PO,-|- 8Ag. 

The phosphorous acid is, however, immediately oxidised by the, 
nitric add to phosphoric add: 

3H,P0,-|-2HN0,-H,0+2N0-|-3H^«. 
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The mixture of phosphine and hydrogen bums with an emerald- 
green flame. 

8. Sulphurous- Acid is reduced by phosphorous acid to hydrogen 
sulphide: 

. 3H,P0,+H,S0,=3H,P04+H^. 

9. Concentrated Potassium Hydroxide Solution changes a 
phosphite over to phosphate, with evolution of hydrogen, 

K,HP0,+K0H=K,P04+ 

but with dilute caustic potash the hydrogen evolution is very sli^t« 
« 

REACTIONS IN THE DRY WAY. 

By ignition, phosphorous acid (like hypochlorous acid) is 
changed at the cost of its own oxygen to the higher compound, 
while the oxidizing part of the acid is reduced to its hydrogen 
compound: 

3H0C1=HC10,+2HC1; 

4H,P0,=.3H,P04+PH.. 

The phosphites behave similarly: 

8NaiHP0,=4Na,P04+ Na4P,0,+ H,0+2PH,. 

MBTAPHOSPHORJC ACID, 1 ^ 6 . 

\OH 

The monobasic metaphosphoric acid is obtiuned by treating 
phosphorus pentoxide with cold water, 

P,0,+ H,0=2HP0„ 

and also by the strong ignition of orthophosphoric add: 

/OH 

0-I^0H=H,0+HP0,. 

\OH 

Metaphosphoric acid is a colorless, glassy, hygroscopic miw. 
On boiling its aqueous solution,’*' it adds water to the molecule, and 
is changed to orthophosphoric acid: 

HP0,+H,0-H,P0«. 


* Or dowly in the cold. 
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• The metaphosphates are readily obtained by heating the mono- 
metallic salts of orthophosphoric acid, 

NaH,P0,=H,0+NaP0p 
or by igniting sodium ammonium phosphate: 

NaNH 4 HP 04 - H,0+ NH,+ NaPO,. 

The meta salts are changed into orthophosphates by boiling the 
aqueous solution in the presence of mineral acid. 

SdvbilUy.--r-T!hsi metaphosphates of the alkalies and of magne- 
sium are soluble in water; but the remaining salts are difficultly 
soluble or insoluble in water, and readily soluble in nitric acid, 
excess of metaphosphoric acid, and excess of alkali metaphosphate. 

BEACnONS IN THE WET WAT. 

1 . Sulphuric Acid causes no visible reaction. 

2. Silver Nitrate precipitates white silver metaphosphat^ 
soluble in ammonia and in nitric add: 

NaPO,+ AgNO, = NaNO,+ AgPO,. 

3. Barium Chloride precipitates voluminous barium metaphos- 
phate, which is soluble in an excess of sodium metaphosphate, from 
which solution ammonia causes no precipitation. Barium sodium 
dimetaphosphate (or a similar polymetaphosphate) is probably 
formed. 

4. Magnesium Salts cause no precipitate from moderately dilute 
solutions, even on boiling (difference from orthophosphoric acid). 

5. Ammonium Molybdate produces no predpitate in the cold; 
but on boiling the acid solution metaphosphoric acid is changed to 
orthophosphoric acid, and the characteristic predpitate of ammo- 
nium phosphomolybdate is formed. 

6 . Albumin Solution is coagulated by an aqueous solution of the 
free acid (difference from pyro- and orthophosphoric adds), but 
not by a solution of alkali metaphosphate, except on the addition 
of acetic acid. 

7 . Nascent Hydrogen does not reduce metaphosphoric add 
(difference from phosphorous acid). 
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Behavior on Ignition. 

, The alkali metaphosphates form, on fusion, a glassy mass, which 
has the property of dissolving many metallic oxides, with the forma- 
tion of orthophosphates > of characteristic colors. (See Phosphoric 
Acid.) By fusion with soda, orthophosphates are formed from 
metaphosphates. 

PYROPHOSPHORIC ACID, H^P^O,. 

The tetrabasic pyrophosphoric acid is formed by heating ortho- 
phosphoric acid to 213” C. It is a soft, glassy mass, readily soluble- 
in water; and in solution it gradually adds water to the molecule- 
and is changed to phosphoric acid, the change taking place quickly 
on boiling the solution. 

The salts of pyrophosphoric acid, the p}rrophosphates, are ob- 
tained by igniting the dimetallic phosphates: 

2 N«gaP 04 =H, 0 +Na 4 P, 0 ,. 

iSoliihtZ%.— The pyrophosphates of the alkalies are soluble in 
water; the remaining pyrophosphates are difficultly soluble or in- 
soluble in water, but are all soluble in acids, and some are soluble- 
in an excess of sodium pyrophosphate. 

REACTIONS IN THE WET WAT. 

1. Sulphuric Acid. — ^No reaction. 

2. Silver Nitrate gives a white precipitate, soluble in ammonia^, 
and in nitric acid. 

3. Barium Chloride causes a white, amorphous precipitate, 
soluble in acids. 

4. Magnesium Chloride produces a white precipitate which is 
soluble in an excess of the magnesium salt, as well as in an excess 
of sodium pyrophosphate. By boiling this solution a precipitate 
is formed, which does not disappear on cooling. 

5. Ammonium Molybdate produces no precipitation in the cold;, 
but, on warming, yellow ammonium phosphomolybdate is precipi- 
tated. 
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6. Albumin is not coagulated by free pyrophosphorio add (dif- 
ference from metaphosphoric add). 

BEHAVIOR IN THE DBT WAT. 

All pyrophosphates on being fused with sodium carbonate are 
changed to orthophosphates: 

Na4P,0,+ NajC 0 ,-C 0 ,+ 2 Na»P 04 . 

IODIC Acid. 

Occurrence.— In searwater and in Chili saltpetre as potasdum 
iodate. 

Formation. — By oxidizing iodine with fuming nitric add or by 
the action of chlorine upon iodine suspended in water: 

31,+ 10HNO,=6HIO,+ 10NO+2H,O; 

I2 +6H2O +6CI2 *= lOHCl +2HIO3. 

The most important iodate, KIO3, is obtained by the action of 
iodine upon a slightly acid solution of potassium chlorate: 

6KC108+3l2+3H30=5KI03+HI08+5HCl. 

lodates are also formed by the action of iodine upon alkali 
hydroxide solutions: 

3I2 +6KOH-6KI +KI08 +3H2O. 

In alkaline solutions iodides are oxidized to iodates by h3rpo- 
chlorites and potassium permanganate. 

SdubUtiy. — ^The iodates of the alkalies are soluble in water, but 
the renuuning iodates are difficultly soluble or insoluble. 

REACTIONS IN THE WET WAT. 

1. Sulphuric Add.— Ndther dilute nor concentrated sulphuric 
add decomposes iodic add; but if reducing substances are present 
at the same time (such as hydriodic add, hydrogen sulphide, ferrous 
salts, etc.), the hydriodic add is reduced, with separation of iodine: 

KI0,+6KI+3H^4-3K,S0,+3H,0+3l2. 

2. ffilver mtrate predpitates white, curdy diver iodate, Agio,, 
readily soluble in ammonia, but difficultly soluble in nitric acid. 
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3. Barium Chloride precipitates white barium iodate, difficultly 
soluble in hot water (100 parts of boiling water dissolve 0.6 part of 
the salt), and only slowly soluble in hydrochloric or nitric acids. 

4. Lead Acetate precipitates lead iodate, difficultly soluble in 
water and only slightly soluble in nitric acid. 

5. Reducing Agents. 

(a) Hydriodic add reduces iodic acid,' with separation of iodine: 
HIO,+ 5HI=3H, 0+312. 

If the solution is concentrated, the iodine separates out as a 
brown powder; dilute solutions are colored yellow. The iodine 
may be absorbed with a reddish-violet color by shaking the solution 
with chloroform or carbon disulphide. 

(h) Svlphv/roua add also causes separation of iodine, unless a 
large excess of sulphurous acid is added. The reaction takes place 
in three stages: 

I. KI0,+ 3S0,+3H,0=KI+3H^<; 

II. KI+H,S04=HI+KHS04; 

KI0,+H,S0,=HI0,+KHS04; 

III. HI0,+ 5HI=3H,0+3Ia. 

If too much sulphurous acid is added, there will be no permanent 
deposition of iodine, for it will be changed to hydriodic acid: 

S0,+ I,+2H,0=H,S04+2HI. 

(c) Zinc dust (or, better, Devarda's alloy) reduces neutral 
iodate solutions to iodide. 

REACTIONS IN THE DRY WAT. 

Heated on charcoal the iodates deflagrate, but not so strongly 
as the chlorates; they are all decomposed on being heated, some 
with and some without the separation of iodine. Thus all neutral 
iodates of the alkalies are easily decomposed into iodide and oxygen, 
while the biiodates set free iodine at the same time: 

2KI03=2KI+302; 

4[KI08 -HlOa] = 4KI + 1 IO 2 + 2 H 2 O + 2 I 2 . 
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GROUP IV. 

Silver Nitrate produces a colored precipitate in neutral solutions, 
soluble in nitric acid. 

Bariiun Chloride also produces a precipitate which is soluble in 
nitric acid. 


^ OTT 

Phosphoric Acid, P_Qg- 
\OH 

Orthophosphoric acid is obtained by the oxidation of phos* 
phorus by means of nitric acid, or by boiling the meta- and p 3 rro- 
phosphoric acids with water. It is a tribasic acid, and forms salts 
in which either one, two, or three of its hydrogen atoms are replaced 
by metals: 

/ONa /ONa 

0=P^0Na, 0=P^Na. 

^OH \ONa 

di-, and triaodium phosphate 

SdtibUity , — The phosphates of the alkalies are soluble in water, 
and so are the primary salts of the alkaline earths. Their secondary 
phosp^tes are very difficultly soluble, while their tertiary phos* 
phates (as well as ail other phosphates) are insoluble. All phos* 
phates dissolve in acids. 

REACTIONS IN THE WET WAT. 

A solution of disodium phosphate should be used for these re* 
actions. 

1. Sulphuric Add, dilute or concentrated, produces no visible 
change. 

2. Silver Nitrate produces a yellow predpitate of silver phos* 
phate (difference from meta- and pyrophosphoric adds), 

2Na,HPO«-|-3AgNO,-3NaNO,-|-NaH^4-|-Ag,PO«, 

readily soluble in nitric add and in ammonia. The predpitate, 
therefore, can only be formed in neutral solution. 


/ONa 

0=1^0H, 

\OH 

Mono*, 
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3. Barium Chloride precipitates white, amorphous barium 
phosphate: 

NajHP04+ BaCl,=2Naa+ BaHP04. 

In the presence of ammonia the tertiary salt is precipitated: 

2Na4HP04+3BaCl,+2NH,=4NaCH-2NH4CH-Ba,(P04),. 

The barium phosphates (as well as those of the other alkaline 
earths) are easily dissolved by acids, even acetic acid (difference 
from aluminium and ferric phosphates) . From these acid solutions, 
ammonia reprecipitates the phosphate: 

Ba9(P04),+ 6HC1=2H,P04+ SBaCl,. 

By adding ammonia the phosphoric acid is changed to anuno- 
nium phosphate, which precipitates the barium chloride, forming 
insoluble barium phosphate. 

4. Magnesia Mixture (a mixture of ammonium chloride, am- 
monia, and magnesium chloride) precipitates from very dilute 
solutions white, crystalline magnesium ammonium phosphate, 
MgNH 4 P 04 + 6 H, 0 , 

Na^P04+ MgClj-t- NH,=2Naa+ MgNH4P04, 

which is soluble in all acids, but practically insoluble in dilute 
2 \ per cent, ammonia. This is a very sensitive reaction (cf. page 
34). 

5. Ferric Chloride. — ^If a solution of sodium phosphate is treated 
with ferric chloride, a yellowish-white precipitate of ferric phos- 
phate is formed: 

Na,HP04-|- FeCl, 2NaCl+ Ha-H FeP04. 

As hydrochloric acid is set free by this reaction, the precipita- 
tion of the phosphoric acid cannot be quantitative, ferric phosphate 
being soluble in hydrochloric acid. If some sodium acetate is added 
to the solution, the amount of free hydrochloric acid is diminished; 
in its place an equivalent amount of acetic acid is formed, which 
does not dissolve ferric phosphate; in that case all the phosphoric 
acid will be precipitated: 

Na,HPO,-|- CH,COONa-l- FeCl,- 3Naa+ CH,COOH+ FeP04. 
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Ferric phosphate is not inappreciably soluble in ferric chloride 
and ferric acetate solutions; consequently the precipitate is pro- 
duced in a boiling solution, and as slight an excess as possible of 
ferric chloride is added. In this way the excess of the ferric chlo- 
ride will be precipitated as basic ferric acetate with the ferric phos- 
phate, so that it can exert no solvent action. If the solution is 
filtered hot, a filtrate free from iron and phosphoric acid is obtained. 

As ferric phosphate is insoluble in acetic acid, it is evident that 
phosphoric acid can be completely precipitated from solutions of 
those phosphates which are soluble in acetic acid by adding ferric 
chloride, and, thus, separated from the metals with which it was 
originally combined {e.g., calcium, strontium, barium, and magne- 
sium phosphates). 

To accomplish this, the phosphate is dissolved in as little hydro- 
chloric acid as possible, ammonium carbonate is added until a slight 
permanent precipitate is obtained, which is dissolved by the addi- 
tion of one or two more drops of hydrochloric acid; ammonium ace- 
tate is then added, and ferric chloride drop by drop until the solution 
above the yellowish-white precipitate of ferric phosphate is colored 
distinctly brown. The solution is diluted considerably with water, 
heated to boiling, and filtered hot. In order to detect- phosphoric 
acid in the precipitate, it is dissolved in dilute nitric acid, evaporated 
to a small volume, and treated with ammonium molybdate, whereby 
]rellow, crystalline ammonium phosphomolybdate is formed (see 
below); or the precipitate is dissolved in dilute hydrochloric acid, 
two gms. of tartaric acid are added, and ammonia to alkaline rei^ 
tion (the iron will not be precipitated, cf. page 99). From the 
ammoniacal solution the phosphoric acid may be precipitated with 
magnesia mixture as magnesium ammonium phosphate. 

6. Ammonium Molybdate, in large excess, precipitates from 
nitric acid solutions in the cold on standing (more quickly on 
riightly warming) a yellow, crystalline precipitate of ammonium 
phosphomolyl^te : 

H,P 04 + 12 (NH 4 )^oO,+ 21 HNO,- 
-(NH4),P04l2MoO,-l-21NH4NO,-h 12H,0. 

« , « 

This reaction is completely analogous to the reaction with arsenic 
add (cf. page 189), with the difference that the arsenic compoimd 
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is only formed quickly at the boiling temperature. The presence of 
ammonium nitrate greatly facilitates the formation of this precipi- 
tate. 

Ammonium phosphomolybdate is readily soluble in alkalies and 
in ammonia^ 

(NH4),P04- 12M0O3+24NH4OH- 
12(NH4VMo04+ 12H3O, 

also in an excess of alkali phosphate solutions, forming compounds 
which contain less molybdenum. It is, therefore, always necessary 
to prevent the formation of such compounds by the addition of a 
large excess of ammonium molybdate. 

Detection of Phosphorus in Iron and Steel . — Phosphorus is present 
in iron and steel as iron phosphide, but only to a slight extent 
(usually less than 0.1 per cent.). The detection of the phosphorus 
is effected by its oxidation to phosphoric acid and using one of the 
above reactions. As, however, very small amounts of phosphorus 
are present, it is necessary to start with a large amount of the origi- 
nal substance in order to obtain a perceptible phosphorus test. It 
is best to proceed as follows: Five to ten grams of the iron or steel 
are dissolved in about 60 c.c. of nitric acid (sp. gr. If2),* the solution 
evaporated to dryness and then ignited over a free flame (with con- 
stant stirring) until no more red fumes are given off. All organic 
matter is thereby destroyed, and thc.silicic acid is dehydrated. After 
cooling, the oxides are dissolved in 50-60 c.c. of concentrated hydro- 
chloric acid (warming gently), the excess of the acid is removed by 
evaporation, water is added, and the silica filtered off. In the 
filtrate all the iron and all the phosphoric acid will be found, and 
the latter may be detected by either the molybdate or the magnesia- 
mixture reaction. In order to detect the phosphoric acid accord- 
ing to the former method, the filtrate obtained after the removal of 
the silica is evaporated to dryness,* dissolved in as little nitric acid 
as possible (sp. gr. 1.2), SO c.c. of ammonium molybdate solution 
and 15-20 c.c. of a 75 per cent, ammonium nitrate solution added, 
the mixture warmed gently and allowed to stand twelve hours. 
A yellow, crjrstalline precipitate shows the presence of phosphorus. 

* If the iron were dissolved in HCl or H2SO4, part or even all of the phos- 
phorus would escape as phosphine. Nitric acid oxidizes all of the phos- 
phorus to phosphoric acid. 
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In order to detect the phosphorus according to the magnesia- 
mixture method, it is necessary first to remove the greater part of 
the iron. For this purpose the hydrochloric acid filtrate is neu- 
tralized with ammonia, a saturated solution of sulphur dioxide is 
added, and the mixture boiled, whereby the previously dark-colored 
solution is either decolorized or becomes a light green. Twenty c.c. 
of concentrated hydrochloric acid are added, and the solution is 
boiled until the excess of sulphur dioxide is expelled. By this oper- 
ation all the ferric salt has been reduced to ferrous salt. A few 
drops of chlorine water are now added (which forms a little ferric 
salt), the solution is neutralized with ammonia and diluted to about 
a liter; three c.c. of a saturated solution of ammonium acetate are 
added, also five c.c. of acetic acid, and the solution heated to boiling, 
whereby all the ferric salt and all the phosphoric acid will be precipi- 
tated in the form of ferric phosphate and basic ferric acetate, while 
the greater part of the iron remains in solution as ferrous salt. The 
alightly-brown precipitate is filtered off through a small plaited 
filter, washed with hot water, dissolved in dilute hydrochloric acid, 
•evaporated almost to dryness, two gm. of citric (or tartaric) acid 
added (which should be dissolved in as little water as possible), the 
solution saturated with ammonia, and the phosphoric acid precipi- 
tated by the addition of magnesia mixture. A white crystalline 
precipitate shows the presence of phosphoric acid. 

7. Lead Acetate precipitates white lead phosphate, almost in- 
43oluble in acetic acid: 

2Na,HP0,-i- 3Pb(C,H,0,),= 
-4C,H,0;^a+2C,H,0,H+Pb,(P04),; 

8. Nascent Hydrogen does not reduce phosphoric acid (differ- 
ence from phosphororjs and h3rpophosphorous acids). 

9. Metastannic Acid. — If metallic tin is added to a nitric acid 
solution of phosphoric acid, or a phosphate, the tin is changed to 
metastannic acid, which unites with the phosphoric acid, forming 
an insoluble compound (probably a complex phosphorous stannic 
acid). This reaction is often used to separate phosphoric acid 
from other metals. 

10. Mercurous Nitrate precipitates from solutions which are 
almost neutral white meremous phosphate, soluble in nitric acid, 
but insoluble in acetic acid. 
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REACTIONS IN THE DRY WAT. 

The tertiary salts of the alkalies melt without decompotition; 
the secondary salts lose water and are changed to pyrophosphates; 
while the primary salts form a glassy metaphosphate. 

The so-called “salt of phosphorus,” or “microcosmic salt,” 
NaNH 4 HP 04 -l- 4 H, 0 , which is much used as a reagent, loses water 
and ammonia on being fused, forming a clear g1n«» of sodium 
metaphosphate: 

NaNH 4 HP 04 • 4H,0 = 5H,0+ NH,-1- NaPO,. 

If the salt is heated in the loop of a platinum wire, a clear bead 
is obtained — the so-called “salt of phosphorus ” bead. 

Just as metaphosphoric acid unites with water, on boiling its 
solution, fonning orthophosphoric acid, 

HP0,-f-H,0=H,P04, 

so sodium metaphosphate dissolves, on fusing, a great many metal- 
lic oxides, forming characteristically-colored orthophosphates, 

NaP 0 i-i-Cu 0 =NaCuP 04 (blue bead), 

which may be changed in the reducing flame to metaphosphate 
agun: 

NaCuP 04 + C = CO-t- Cu+ NaPO,. 

Brownish opaque bead 

Many anhydrous phosphates are reduced by heating with mag- 
netium to phosphides, which, on being breathed upon, give the 
peculiar odor of phosphine: 

Ca,(P 04 ),-|- SMg- 8MgO-|- Ca,P,; 

Ga,P,+ 6H,0-3Ca(0H),+2PH,. 

PHOSPHORUS, P. At. Wt. 31. Mol. Wt. P 4 -I 24 . 

Occurrence.— Phosphorus is found in nature only in the form of 
phosphates, of which calcium phosphate is the most important. It 
occurs as apatite, Ca,(P 04 ),(GF), in hexagonal crystals, and in an 
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impure state as phosphorite, which is used exteninvely as a fertilizer. 
Calcium phosp^te also is an important constituent of bones and 
the seeds of plants. 

A very interesting occurrence of phosphorus is pyromoiphite 
(cf. page 156), isomorphous with apatite, vanadinite, and mimete- 
site. 

/Voper^tes.— Phosphorus exists in three allotropic forms: 

(a) As ordinary or colorless phosphorus; 

(5) As red crystallino phosphorus; 

(c) As black crystalline phosphorus. 

Ordinary phosphorus is poisonous, is colorless when pure (it 
becomes yellow on exposure to the light, and is coated with a layer 
of red phosphorus), melts at 44° C., and ignites at 60° C. in the air, 
so that it must be kept covered with water, in which it is insoluble. 
It is readily soluble in carbon disulphide, and slightly soluble in 
ether. It is easily oxidized by nitric acid to phosphoric acid: 

3 P 4 + 20HNO,+ 8H,0 - 12H,P04+ 20NO. 

Bed phosphorus is crystalline (hexagonal, rhombohedral), and is 
formed by heating ordinary phosphorus to about 250° G. out of 
contact with the air. It is not poisonous, is insoluble in carbon di- 
sulphide, and does not ignite until heated to 256° C. It is non- 
luminous in the dark, does not oxidize in the air, but is readily oxi- 
dized by nitric acid to phosphoric acid. 

Black phosphorus is obtained when red phosphorus and lead are 
heated together in a sealed tube to a red heat and the mass treated 
with dilute nitric acid after it is cold; the lead dissolves and leaves 
the phosphorus as black phosphorus. By heating to 360° C. it is 
changed to ordinary phosphorus again. 

Phosphorus is found in a great many organic substances. In 
order to detect its presence, the compound is heated in a sealed tube 
with fuming nitric acid, which destroys the organic matter and oxi- 
dizes the phosphorus to phosphoric acid (detected by any of the 
above reactions). 

Arsenious, arsenic, and chromic acids, which also belong to this 
group, have already been described on pages 183, 186, and 85. 
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TmosuLPHURic Acid, so,~Qg. 

This veiy unstable acid is soon decomposed, even in dilute 
aqueous solution, into sulphurous acid and sulphur: 

H,S,0,=H,S0,+S. 

If the aqueous solution of a thiosulphate is tr^ted with dilute 
hydrochloric or sulphuric acid, the solution remainii clear for a short 
time; but it soon becomes turbid, owing to the (ieposition of sul> 
phur, which in this case (unlike most precipitated sulphur) appears 
yellow. 

The salts of thiosulphuric acid, the thiosulphates, are much more ■ 
stable than the free acid. 

Formation of Thiosulphates. 

1. By boiling sulphur with an alkali or alkaline-earth hydroxidet 

4S-t-6NaOH=2Na4S-h Na,S,0,-f- 3H,0. 

This reaction is analogous to the action of the halogens or of 
phosphorus upon hydroxides, forming chloride and hypochlorite, 
phosphide (phosphine), and hypophosphite, etc. (cf. pages 253 and 
299). 

2. By boiling sulphites with sulphur: 


Ni4S0,+ S=.NajS,0,. 

3. By treating alkali polysulphides with alkali sulphite in the 
eold: 

NigS,-|-4Na^SO,=4Na,SiO,+Na,S. 

4. By the oxidation of polysulphides: 

2Na2S2 -1-302 =2Na2S203. 

This last reaction takes place on boiling the solution of poly- 
sulphide in the air, or very slowly on standing. Yellow ammonium 
polysulphide is changed, on standing in the air, into ammonium 
thiosulphate with deposition of sulphur. 
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The sulphites can be kept well in aqueous solutions provided 
they are not subjected to the action of carbon dioxide. They are 
gradually decomposed by the latter, with separation of sulphur. 

The most important commercial thiosulphate is the sodium salt 
Na^0,'6H,0, the well-known “hsrpo” of photographers. 

ScMMily.—Va.Q thiosulphates of the alkalies are readily soluble 
in water, the remaining ones are difficultly soluble; many of them 
dissolve in an excess of sodium thiosulphate, forming complex salts. 

REACTIONS IN THE WET WAT. 

A solution of sodium thiosulphate should be used. 

1. Sulphuric Acid. — Both dilute and concentrated sulphuric 
add decompose thiosulphates, with deposition of yellow sulphur. 

2. Silver mtrate produces a white precipitate, which rapidly 
becomes yellow, brown, and finally black, owing to the formation of 
silver sulphide: 

NajSj0,+2AgN0,=2NaN0,+AgjS,0,; 

Ag,SiO,-|-H,0=H,SO.+Ag^. 

Silver thiosulphate is soluble in an excess of the reagent. Diffi- 
cultly soluble AgNaS,0, is at first formed, 

A^jOj-h Na^O, •= 2 AgNaSjO,, 

which combines with more thiosulphate, forming a soluble complex 
salt: 

2NaAgS*0,-|-NajS,0,=[Ag,(S,0,)JNa4. 

But by boiling the solution, silver sulphide is precipitated: 

2 Na[AgS 203 ] ■■Na 2 S 04 +SOa +8 -|-AgaS. 

Many other metals behave like diver,* especially those of the 
hydrogen sulphide group. Thus copper, mercurous, and tin salts 
are predpitated as sulphides by boiling the acid solutions with 
sodium thiosulphate. 

3. Barium Chloride in excess produces a white, crystaUine pre- 
dpitate of barium thiosulphate,! difficultly soluble in cold water 

* Zeitschr. f. anoig. Ch , XXVm, p 223 (1902). 

t Rubbing tbe lidet M the test-tube hastens the fonnation of this pre- 
dpitate. 
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(480 parts of water at IS" G. dissolve one part of BaSjOj), but 
fairly soluble in hot water. 

4. Strontium Chloride produces a white, crystalline precipitate, 
but only in very concentrated solutions (3.7 parts of water at 18° C. 
dissolve one part of SrS,OJ. 

5. Lead Acetate precipitates white lead thiosulphate, soluble 
in an excess of the alkali thiosulphate. On boiling the solution a 
voluminous precipitate, consisting of lead sulphate and lead sul- 
phide, is formed. 

6 . Iodine Solution is decolorized by solution of thiosulphates; 

2Na,S,Oj -I- 1, = 2NaI -h Na,S 40 #. 

Sodium teiraihionate 

This reaction is explained, acceding to the dissociation theory, as 
follows: 

2 S, 0 ,"+I,-S 40 ,”+I-+I-. 

The negative anions, S,0„ carry half of their electric charge to 
the undissociated, and consequently uncharged, iodine atoms; 
which changes the latter to ions, while the two S,0, ions rmite, 
forming S 4 O, ions. 

Chlorine and bromine act quite differently upon thiosulphates. 
If chlorine (or bromine) is conducted into a solution of sodium thio- 
sulphate, a corrsiderable precipitation of sulphur takes place, which, 
upon further action of the halogen, disappears: 

NaA0,-|-H,0+C4-2Naa-fH,S04-fS ; 

S-|-4H,0-|-3Cl,=6Ha+H,S04. 


Other weak oxidizirtg agents act in the same way as iodine. 
Thus, 

7. Ferric Chloride produces, in solutions of sodium thiosulphate, 
at first a dark-violet coloration (perhaps ferric thiosulphate), which 
disappears after some time, leaving a colorless solution contairring 
ferrous chloride and sodium tetrathionate: 


2NajS,0,-l-2FeCl,- 2 Naa+ 2 FeCI,+Na^ 40 ,. 
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Similarly, 

8. Cupric Salts are r^uced to colorless cuprous compounds, 
with the formation of sodium tetrathionate: 

2Na,S,0,+ 2 CuS 04*» Na^04+ Cu^04+ Na^404. 

The unstable cuprous sulphate immediately acts upon more 
thiosulphate, forming sodium cuprous thiosulphate: 

Cu^4+2NajS,0,=Na4S04+icu,(S,0,)»lNa». 

If the colorless solution of the cuprous salt is treated with caustic 
potash solution, yellow cuprous hydroxide is in some cases imme- 
diately formed, in other cases only on standing or on warming. 
The precipitate becomes darker colored on being boiled. 

If the solution is acidified and boiled, black cuproiis sulphide is 
precipitated. 

The colorless solution of the cuprous salt gives also a white 
(usually almost a light red) precipitate with potassium ferrocyanide 
or cuprous ferrocyanide. 

9. Nascent Hydrogen (zinc and hydrochloric acid) causes the 
evolution of hydrogen sulphide. 

10. Zinc Salts produce no precipitate (difference from siil- 
phides). 

11. Zinc Sulphate and Sodium Nitroprusside produce no red 
coloration (difference from sulphites). 


Detection of Sulphurous and Thiosulphuric Acids in the Presence 
of Hydrogen Sulphide. 

The three acids are assumed to be present together in solution in 
the form of their alkali salts. The fairly concentrated solution is 
treated with zinc sulphate, and the zinc sulphide formed is filtered 
off. The filtrate is treated with strontium nitrate solution and 
allowed to stand over night, when the strontiiim sulphite is filtered 
off and washed with a little cold water. If the strontium sulphite 
is treated on the filter with dilute hydrochloric acid, sulphurous acid 
goes into solution, which can be detected by its property of decolor- 
izing an iodine solution. In the filtrate from the strontium sulphite, 
the thiosulphate remains; it can be detected by acidifying with 
hydrochloric acid and warming, when sulphur will be deposited. 
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SclvMiUy of Svlphites and Thiosvlphates of the Alkaline* 
Earihe in Water, 

Sulphite. Thiosulphate. 


Calcium 1:800 1:2 

Strontium 1:30000 1:3.7 

Barium 1:46000 1:480 


REACTIONS IN THE DRY WAY. 

The thiosulphites of the alkalies, on being heated out of con- 
tact with the air, are changed into sulphate and polysulphide, and 
the latter into sulphide and sulphur: 

Naj'SSOa 

Na^ S ijOOO 
and 

Na^S5=Na^S+4S. 

If this reaction is performed in a closed tube, a sublimate of sul- 
phur is obtained (difference from sulphites) ; and the residue yields 
hydrogen sulphide if treated with acid. 

GROUP V. 

Silver Nitrate produces no precipitate in acid or neutral solu- 
tions. 

Barium Chloride, also, causes no precipitation. 

Nitric Acid, HNOj. 

Occurrence , — Nitric acid is found in the form of nitrates in small 
amounts almost everywhere in nature; thus the ammoni im salt is 
found in the atmosphere and in soils; the calcium salt i:: found in 
old masonry; while the sodium salt is found in rainless locr.'.lties, 
particularly in Chili (Chili saltpetre). 

Nitric acid is the final product of the oxidation of ammonia; it is 
found wherever nitrogenous organic substances have l;3en iJ\ .bjected 
to decay, forming ammonia. With the help of micro-organisms 

* Autenrieth and Windaus, Zeit. f. anal. Chcm., 1898, p. 295. 
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{Moms wUrificans, according to Winogradsky) the anmumia is 
changed first to nitrous acid, 

2 NH 3 + 3 O 3 =• 2 H 2 O + 2 HNO 2 , 


which, by further oxidation, is changed to nitric acid: 

2HN02+02=2HN03. 


Properties.— Pure nitric acid is a colorless liquid, with a specific 
gravity of 1.54 at 20 ° C. At 86 ° C. it begins to boil, with decom- 
position, giving off its anhydride, which suffers further decompo- 
sition into nitrogen peroxide, NO, (brown fumes), and o:^gen. By 
the constant loss of N,0„ the nitric acid becomes constantly more 
dilute and the boiling-point constantly rises, until at 120 . 5 ° G. it 
remains constant; when nitric acid of specific gravity 1.414 distils 
over, forming a 68 per cent. acid. If a more dilute acid is subjected 
to distillation, water is at first ^ven off, the boiling-point con- 
stantly rising until 120.5° G. is reached, when a 68 per cent, acid 
again distils unchanged. 

Bed, fuming nitric acid is obtained by conducting NO, into the 
colorless, concentrated acid. In its most concentrated condition it 
possesses a specific gravity of 1.55. 

If the fuming acid is treated with water, it is colored green, and 
vapors of nitric oxide are given off, , which are colored brown on 
coming in contact with the air. The dissolved NO, (or, better, NjO^), 
being a mixed anhydride is changed into nitric and nitrous acids, 


0-H 


hno,+hno„ 


and the nitrous acid, owing to the heat of reaction, is partly nVi^ngpul 
into nitric acid, with evolution of nitric oxide, 

3HN0,-H,0-|-HN0,+2N0. 

and 

NO+ 0 -• NO, (brown vapors). 

Nitric acid is a strong oxidizing agent (cf. page 4). It is mono- 
basic, and, next to the halogen acids, is the strongest acid. It forms 
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Stable salts, which are all soluble in water; but a few of them are 
changed by water into basic salts (cf. bismuth and merciuic salts), 
insoluble in water, but soluble in nitric acid. 

BEACnOW IN THE WET WAY. 

As nitric acid docs not form insoluble salts, it cannot be detected 
by means of precipitation; its characteristic reactions depend upon 
its oxidizing action. Great care must be exercised before deciding 
whether this acid is present, for other oxidizing substances give 
similar (in some cases the same) reactions. 

1. Dilute Sulphuric Acid ^ves no reaction (difference from 
nitrous acid). 

2. Concentrated Sulphuric Acid when heated with any nitrate 
causes evolution of yellow to brown vapors of NO^, with a charac- 
teristic penetrating odor. 

3. Silver Nitrate and Barium Chloride cause no precipitation. 

4. Ferrous Salts arc oxidized by nitric acid, which is itself re- 
duced to nitric oxide, NO. If the reaction takes place in the cold, 
the latter combines with the excess of ferrous salt, forming a dark- 
brown, veiy unstable compound, FeX-NO. This compound is 
decomposed, on warming, into ferrous salt and nitric oxide (which 
escapes) the brown color disappearing. If the amount of nitric acid 
present is more than sufficient to completely oxidize the ferrous 
salt to ferric salt, the brown color will only appear as representing 
a transient intermediate product; for ferric salts do not unite with 
nitric oxide. 

The oxidation takes place according to the following reaction, 
6 FeSO,+ 3H^,+ 2HNO, = 3 Fe,(S 04 ),+ 4H,0+ 2NO, 

and is best carried out in the following manner: 

A little of the substance to be tested for nitric acid is placed in a 
test-tube and dissolved in as Kttle water as possible; a cold satu- 
rated solution of ferrous sulphate is added, the two solutions mixed, 
and the sulphuric acid carefully poured down the sides of the tube. 
If nitric acid is present, the contact zone will be colored distinctly 
brown. 

Nitrous acid gives the same reaction, with the difference that 
it takes place without the addition of concentrated sulphuric acid. 
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5. Indigo Solution is decolorized by warming with nitric acid 
(as well as by other oxidizing agents). 

6. Potassium Iodide is not decomposed by pure, dilute nitrio 
acid (difference from nitrous acid). 

If to the solution of a nitrate we add potassium iodide, a few 
drops of an acid (best acetic acid), and a little zinc, the nitric acid is 
reduced to nitrous acid, which then reacts with hydriodic acid so 
that the solution becomes yellow on account of the separation of 
iodine. By shaking the solution with carbon disulphide, the latter 
will be colored reddish violet,* or the iodine may be detected by 
adding a little starch paste. 

The reactions which take place may be represented by the 
following equations: 

Zn+ 2HC,H,0, = Zn(C,H,0,),+ H,; 
2HN0,+2H,=2H,0+2HN0,; 

2HN0,+ 2HI = 2H,0+ 2N0+ 1,. 

7. Diphenylamine Reaction (the Lunge test f).— The reagent 
is prepared by dissolving 0.5 gm. of diphenylamine in 100 c.o. of 
pure concentrated sulphuric acid and adding 20 c.c. of water. 

Procedure. — A. few cubic centimeters of the diphenylamine solu- 
tion are placed in a test-tube and carefully covered with the solution 
to be tested for nitric acid. If the latter is present, there is formed 
at the zone of contact between the two liquids a ring of a beautiful 
blue color. 

This very sensitive reaction is, unfortunately, also caused by 
nitrous, chloric, and selenic acids, ferric chloride, and many other 
oxidizing agents. 

In the absence of ferric and selenic salts, it is useful for detecting 


* If it is desired to detect the iodine by means of carbon disulphide, the 
latter under no eireumsUmce* should be added before the zinc has been al- 
lowed to act upon the aeid solution of the nitrate and potassium iodide. In 
such a case, there will often be no separation of iodine, because the nascent 
hydrogen is used up reducing the carbon disulphide to thioformaldehyde 
and hydrogen sulphide, and the latter reacts with any iodine which may be 
formed, changing it back to hydriodic acid; 

CS, + 2H, - CH^ + H,S; 

H,S + 2I -2HI + S. 

t Lunge, Zeitschr. fttr angew. Chemie, 1894, Heft 12. 
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the presence of shutll amounts of nitrogen acids in sulphuric acid. 
In this case the concentrated sulphuric acid which is to be tested is 
first poured into the test-tube, and the specifically lighter diphenyl 
solution is then poured on top. If one c.c. of an acid which contains 
only milligram of nitrogen in a liter is used, the reaction will 
eause a noticeable coloration. 

8. Brucine Reaction. — The reagent * is prepared by dissolving 
0.2 gm. of brucine in 100 c.c. of pure concentrated sulphuric acid. 

Procedure.— The solution to be tested for nitric acid is mixed 
with three times its volume of pure concentrated sulphuric acid, and 
one c.c. of brucine solution is added. If nitric acid is present, a red 
coloration quickly appears, which quickly changes to orange, then 
slowly to lemon or gold yellow, and finally becomes greenish yellow. 
Nitrous acid does not give this reaction provided it is present as 
“nitrose,” i.e., dissolved in concentrated sulphuric acid. Aqueous 
solutions of nitrites always yield a small amount of nitric acid 
when acidified with sulphuric acid, and consequently give the 
brucine reaction. 

9. Zinc in Alkaline Solution reduces nitric acid to ammonia. 

If a nitrate solution is boiled with zinc dust and an alkali, a 

considerable evolution of ammonia takes place: 

KNO,+ 4Zn-|- 7KOH = 4Zn(OK),+ 2II,0-|- NH,. 

Devarda’s alloy reacts much more quickly with a drop of caustic 
soda. 

This reaction is particularly suited for the detection of nitric 
acid in the presence of chloric acid (cf. page 344). 

Detection of Nitric Acid in the Presence of Nitrous Acid. 

With the exception of the Lmige-Lwoff method, there is no 
absolutely reliable qualitative test for the detection of traces of 
nitric acid in the presence of large amounts of. nitrous acid in 
aqueous solution. A number of methods have been proposed which 
depend upon the destruction of the nitrous acid by diazotizing, but 
they all yield only approximate results; because, in order to destroy 
the nitrous acid, it is necessary first to set the.acid itself free by the 
addition of another acid, which alwa 3 rs causes a part of the nitrous 


* Lunge, Zeitschr. fUr angew. Chemie, 1894, Heft 12. 
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acid to be changed to nitric acid; so that the latter will be detected 
even when no nitric acid was originally present. 

Large amounts of nitric acid in the presence of nitrous acid may 
be detected by the method proposed by Rccini, in which a concen- 
trated solution containing salts of both acids is treated with a con- 
centrated solution of urea, and then covered (by means of a pipette) 
with dilute sulphuric acid. A lively evolution of nitrogen ensues, 
which ceases in a few minutes; 

CO(NH,),+ 2HNO,=CO,+ 3H,0+2N,. 

Urea 

This reaction, however, does not take place quickly enough to 
prevent traces of nitric acid being formed according to the following 
equation 

3HNO, = H,0-|- HNO,-|- 2NO. 

The odor of nitrous fumes is always perceptible in the escaping 
nitrogen,* which can also usually be detected by means of iodo- 
starch paper. The nitric acid which remains in the solution can be 
detected by means of the diphenylamine reaction. 

The nitrous acid may also be destroyed by boiling an alkaline 
nitrite solution with neutral ammonium chloride; but traces of 
nitric acid are always in evidence at the same time.f 

If the diphenylamine reaction gives a very intense coloration 
after the destruction of the nitrous acid by means of urea, the pres- 
ence of nitric acid in the original compound is assured; but if the 
reaction shows that only a trace of nitric acid is present, it is prob- 
ably due simply to small amoimts of nitric acid formed by the 
destruction of the nitrous acid. 

REACTIONS IN THE DRY WAT. 

By the ignition of nitrates of the alkalies, they are changed into 
nitrites with loss of oxygen, and the latter are decomposed on 
stronger ignition into oxide: 

KN0,=KN0,+0; 

2KN0,=K,0-|-2N0-|-0. 

* Even at 0* and in an atmosphere of carbon dioxide. 

t By evaporation with ammonium carbonate the decomposition seanely 
takes place at all. 




CHLORIC ACID. 


343 


All nitrates deflagrate on being heated on. charcoal; i,e., the 
charcoal bums at the expense of the oxygen of the nitric acid, with 
vivid scintillation. 


Chloric Acid, HdO,. 

Free chloric acid is extremely unstable, and is decomposed, at 
40^ C., into perchloric acid with loss of chlorine and oxygen: 


and 


HO 

H 

Hd 


ICIO, 

d0,0=H,0+2d0,+ Hd0 

0 , 
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20102 CI 2 + 2 O 2 . 


The salts of the monobasic, chloric acid, the chlorates, are quite 
stable, and are all soluble in water. 


REACTIONS IN THE WET WAT. 

1. Dilute Sulphuric Acid sets free chloric acid from chlorates, 
which, as above stated, is gradually decomposed, with loss of 
chlorine and oxygen, into perchloric acid. The solution, therefore, 
acts as a bleaching agent, particularly on warming. The neutral 
salts do not bleach (difference from hypochlorites). 

2. Concentrated Sulphuric Acid decomposes all chlorates, 
setting free greenish-yellow chlorine dioxide gas, which violently 
explodes on warming: 

3Kd0,+3H2S04=3KHS04 -f-Hd04-f- 2010, -|- H,0. 

3. Silver Nitrate and Barium Chloride do not cause precipita- 
tion. 

4. Nascent Hydrogen reduces chlorates to chlorides in acid, 
alkaline, and neutral solutions. 

The reduction in acid solution is effected by means of zinc and 
dilute sulphuric acid, or by means of sulphurous acid; 


HaO, -1-380,+ 3H,0=3H,S04+ HQ. 
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The reduction in alkaline or neutral * solution is brought about 
by boiling the solution with zinc dust, or, better, by means of 
Devarda’s alloy (cf . page 7) : 

KC10,+ 3Zn+ 3H,0 - 3Zn(OH),+ KCa. 

The residue of zinc dust (or copper, if the alloy is used) is fil- 
tered off, the solution acidified with nitric acid, and silver nitrate 
added, when the characteristic, curdy precipitate of silver chloride 
is formed. 

5. Concentrated Hydrochloric Acid decomposes all chlorates,, 
with evolution of chlorine: 

KaO,+ 6Ha= Ka+ 3H,0+ 3Cl2.t 

6. Ferrous Salts.— By boiling chlorates with ferrous salts in 
the presence of dilute sulphuric acid, the chlorate is quickly reduced 
to chloride (difference from perchloric acid) : 

KaO,+ 3H,SO,+ 6 FeS 04 = 3H,0+ Ka+3Fe,(SO«),. 

7. Diphenylamine reacts the same as with nitric^acid. 

Detection of Hydrochloric, Nitric, and Chloric Adds in tiie 
Presence of One Another. 

I. First, the presence of hydrochloric acid is confirmed by pre- 
cipitating a part of the solution with silver nitrate; a white precipi- 
tate of silver chloride shows the presence of hydrochloric acid. 
The reminder of the solution is treated with silver sulphate solution 
until no further precipitation of diver chloride takes place, and the 
precipitate is filtered off. 

The filtrate is boiled with a little caustic potash (in order to 
expel any ammonia from ammoniiun salts which may be present), 
treated with zinc dust (or Devarda’s alloy), and again boiled; if 
nitric acid is present, ammonia will be given off. The residue is 
filtered off, the filtrate acidified with nitric acid and treated with 
silver nitrate. If a precipitate of silver chloride is now obtained, 
chloric acid was originally present. 

The reaction takes place very slowly in neutral solutions. 

t This equation is not correct, for some GO, is always mixed with the G. 
The following equation expresses this: 

KaO,+2HG-Ka+G+GO,+HA 
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II. Or, a small part of the solution is tested for hydrochlorio 
acid by adding silver nitrate in excess, the precipitate is filtered off, 
the filtrate treated with sulphurous acid, and again tested with 
silver nitrate, when a precipitate of silver chloride shows the pres- 
ence of chloric acid. 

A second portion of the solution is tested, as above, for nitric 
acid. 

REACTIONS IN THE DRY WAY. 

On ignition, all chlorates are decomposed, forming a chloride, 
with loss of oxygen. By heating on charcoal, deflagration takes, 
place. 

Perchloric Acid, HCIO,. 

Free perchloric acid is obtained by the distillation of potassium 
perchlorate with concentrated sulphuric acid. In this way the 
solid, ciystalline hydrate HCIO 4 + HjO is obtained, which, on heat- 
ing to 110 ° C., is broken up, the anhydrous, strongiy-fuming-in-the- 
air, liquid acid distilling off, while the oily hydrate HC10,+ 2 H ,0 
remains behind, which itself distils at 203° C. 

The free acid is very dangerous, and often explodes sponta- 
neously. In aqueous solution, however, it can be kept without 
danger. 

The salts of this monobasic acid are remarkably stable. 

The potassium salt is obtained from potassiiun chlorate. On 
melting the latter compound, at first a lively stream of oxygen ia 
given off which, however, soon lessens. The melt quickly be- 
comes viscous, and consists of potassium chloride and potassium 
perchlorate, 

2Kao,- Ka+ Kao,-i- o„ 

and the latter may be separated from the much more soluble po- 
tassium chloride by recrystallization. 

SdvbilUy . — ^All perchlorates are soluble in water. 

REACTIONS IN THE WET WAY. 

Perchloric acid is not attacked by concentrated sulphuric acid, 
nor reduced to chloride by zinc dust, Devarda’s alloy, sulphuroua 
acid, or acid solutions of ferrous salts. 
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Potassium Salts precipitate the relatively insoluble, whiter 
crystalline KCIO4 (cf. page 40). 

Silver Nitrate aud Barium Chloride produce no precipitation. 

REACTIONS IN THE DRY WAT. 

The perchlorates deflagrate on being heated on charcoal; by 
fusing they lose oxygen, leaving chloride behind, which when dis- 
solved in water gives all the reactions for hydrochloric acid. 

PBRSULPHUSIC ACID, 11,8,0,. 

Pure persulphuric acid itself has never been isolated, its solution 
in sulphuric acid being alone known. It was first prepared by 
M. Marshall, who electrolyzed tolerably dilute sulphuric acid, keep- 
ing it very cold. In this process the ions H and HSO, of sulphuric 
acid unite together at the anode, forming persulphunc acid: 

H,S 04 H HSO 4 

H,S 04 ~i^Hio 4 ‘ 

The preparation of ammonium persulphate, from which all other 
persulphates are made, is entirely analogous. 

The most important salts of persulphuric acid are those of am- 
monium, potassium, and barium. (NH 4 ),S, 0 , is readily soluble in 
water, and forms monodinic crystals; 1^0, is difficultly soluble 
in cold water, but much more soluble in hot water, from which 
solution it is obtained by rapid cooling in the form of long crystals; 
BaS,0,+4H,0 is made by rubbing ammonium persulphate with 
barium hydroxide, and is fairly soluble in water. 

REACTIONS. 

A solution of ammonium persulphate may be used. 

1. All persulphates are decomposed in aqueous solution (dovriy 
in the cold, but more quickly on wanning), forming sulphate, free 
sulphuric add, and oxygen: 

^+h)>^“2KHS04+0; 

(6) Bi|gj+g^-BaS 04 +H,S 04 + 0 . 
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A laige proportion of the oxygen escapes as ozone, which can be 
detected by its odor, or by its property of turning iodo-starch paper 
blue. A dilute solution of ammonium persulphate decomposes 
slowly at 20” C., without evolution of oxygen, part of the nitrogen 
being oxidized to nitric acid: 

8(NH,),S,0,+ 6H,0= 14(NH4)HS04+2H,S04+2HN0,. 

2. Dilute Sulphuric Acid acts the same as water. 

3. Concentrated Sulphuric Acid.— If a solid persulphate is 
dissolved jn concentrated sulphuric acid at 0° C., a liquid is ob- 
tained which possesses very strong oxidizing properties. The mix- 
ture is known as Caro’s acid.* For further particulars concerning 
this acid, the student is referred to A. Baeyer’s interesting work, 
B. B. XXXIV (1901), page 853. 

4. Silver Nitrate precipitates black silver peroxide: 

2AgNO,+ KjS.O,+ 2H,0 = 2KHS04-i- 2HNO,-|- A&O,. 

If, however, the concentrated solution of ammonium persul- 
phate is treated with ammonia and a very little silver nitrate, a 
lively evolution of nitrogen takes place, and the solution becomes 
heated to boiling. Silver peroxide is formed first, and oxidizes the 
ammonia to water, setting free nitrogen (Catalysis).t 

5. Manganese, Cobalt, Nickel, and Lead Salts are oxidized in 
the presence of alkali to black peroxides : 

Mn( 0 H),+K,S, 0 ,+H, 0 - 2 KHS 04 +H,Mn 0 ,. 

In this last reaction persulphuric acid reacts exactly similar 
to hydrogen peroxide. It may be distinguished, however, from 
the latter by the fact that it does not decolorize a solution of potas- 
sium permanganate, does not produce a yellow coloration with 
titanium sulphate, and does not react with chromic acid to form 
chromium peroxide (cf. page 84). Ferrous salts arc readily oxi- 
dized to ferric salts, and cerous salts are changed to yellow ceric 
salts by persulphates, but the latter are not decolorized by an excess 
of the persulphate, while they arc by hydrogen peroxide. 

* Zeitschr. f. sngew. Ch., 1808, p. 84S. 

* t Zeitschr. f. phys. Chem., XXXVII (1001), p. 256. 
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6. Barium Chloride does not give a precipitate immediately in 
a freshly -prepared cold solution of a persulphate; but, on stan^ng 
some time, or on boiling, insoluble barixun sulphate is predintated. 

GROUP VI. 

Silver Nitrate produces no precipitate. 

Barium Chloride produces a white precipitate, almost insoluble 
in acids. 

Sulphuric ACID, H,S04. 

Pure sulphuric acid at ordinary temperatures is a colorless, oily 
liquid of specific gravity 1.8384; at low temperatures it is a solid. 
If the acid is subjected to distillation, it is always partially decom« 
posed; heavy, white vapors of SO, arc given off first, and at 338° C. 
a 98 per cent, acid distils over. Ordinary commercial sulphuric acid 
has a specific gravity of 1.83-1.84, and contains 93-96 per cent. 
HjSO,. It often contains lead sulphate, sclenic acid, platinum, pal- 
ladium, arsenious acid, the nitrogen acids, and small amounts of 
organic matter (whereby it is often colored brown) as impurities. 

Concentrated sulphuric acid is very hygroscopic, and is, there* 
fore, used for drying gases, etc. 

The anhydride of sulphuric acid. SO,, dissolves in concentrated 
sulphuric acid, forming pyrosulphuric acid, H,S,0,. which is solid 
at ordinary temperatures, melts at 35° C., and loses SO, at higher 
temperatures. It fumes strongly, and is called, therefore, fmning 
sulphuric acid. Sulphuric acid is dibasic and forms both neutral 
and acid salts. 

SdubUity . — ^Most sulphates are soluble in water; calcium sul* 
phate is difficultly soluble, strontium and lead sulphates are very 
difficultly soluble, while barium sulphate is practically insoluble 
in water. There are also a number of basic sulphates, Hg, Bi. Gr, 
which are insoluble in water, but are, as a rule, soluble in acid. 

REACTIONS IN THE WET WAT. 

1. Sulphuric Acid naturally ^ves no reaction. 

2. Silver Nitrate causes no precipitation in dilute solutions, but 
in concentrated solutions a white crystalline precipitate is formed 
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(100 parts of water dissolve at 18® C. only 0.58 part of silver sul- 
phate). 

3. Barium Chloride precipitates, from even the most dilute 
solutions, white barium sulphate, insoluble in acids. 

4. Lead Acetate precipitates white lead sulphate, soluble in 
concentrated sulphuric acid, ammonium acetate, and ammonium 
tartrate solutions (cf. page 162). 

In order to detect the presence of the SO 4 ion in insoluble sul- 
phates, they are treated with sodium carbonate, whereby insoluble 
carbonate and soluble sodium sulphate are formed. 

Lead sulphate and calcium sulphate are easily decomposed by 
boiling with sodium carbonate solution, but barium and strontium 
sulphates are only incompletely decomposed by this treatment; 
they arc much more readily attacked by fusing with four times as 
much sodium carbonate (cf. page 61). 

5. By Nascent Hydrogen (zinc and acid) the sulphates are not 
reduced. 

REACTIONS IN THE DRY WAY. 

The neutral salts of the alkalies melt with difficulty without 
being decomposed, while the acid salts of the alkalies readily give 
off water and SO, (cf. page 74). 

The sulphates of the alkaline earths and of lead do not undergo 
decomposition on ignition, the remaining sulphates arc more or less 
decomposed. 

All sulphates arc reduced to sodiiun sulphide when heated with 
sodium carbonate on charcoal; if the product is placed upon a 
bright silver coin and moistened, a black stain of silver sulphide 
results; e.g.: 

id) CaSO,+ Na,CO,=CaCO,+ Na,SO,; 

(5) Na4S04+2C=2C0,+ Na,S; 

(c) Na,S+Ag,+ H,0+0=2Na0H+AgiS. 

This reaction is called the Hepar reaction. 

HYDROFLUORIC ACID, HF, 

Occurrence . — ^Hydrofluoric acid occurs in nature only in the form 
of fluorides, of which the most important is fluorite. CaF,, crystalliz- 
ing in the isometric system. It is also found as cryolite, ( AIF,)Na,, 
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in Greenland, and in many silicates, such as turmaline, topas, 
lepidolite, apophyilite, apatite, etc. 

Properties , — Hydrofluoric acid at temperatures above 20® C. 
is a colorless gas which changes at 19.4® C. to a mobile, fuming 
liquid. The vapors possess a penetrating odor and arc poisonous. 
When in contact with the sldn it produces painful bums. On 
heating the conceiftrated aqueous solution, the gas HF at first 
distils and then the 36 per cent, acid unchanged. 

Hydrofluoric acid is distinguished from all other acids by its 
ability to dissolve silicic ackl, a property which is utilized technic- 
ally for etching glass, and in the analytical laboratory for detecting 
fluorine and silicic acid, as well as for decomposing silicates. On 
account of this action upon glass the acid must be kept in platinum, 
wax, or hard rubber, and prepared in platinum or lead vessels. 

The action of hydrofluoric acid upon silicic acid takes place 
according to the equation 

SiOj +4HF = 2 H 2 O +SiF4, 

and the velocity of the reaction depends upon the fineness and 
nature of the material. Precipitated and ignited silica reacts 
violently with concentrated hydrofluoric acid, while quartz powder 
dissolves but slowly. Most silicates are attacked more readily 
than quartz. 

It is a weak, monobasic acid, reddens litmus paper, and colors 
Brazil-wood paper yellow (as do other weak acids, e.g., carbonic 
and acetic). Solutions of the alkali fluorides react strongly alkaline. 

The property of forming acid salts is characteristic of this acid, 
as in the case of hydrocyanic acid; thus the following are known: 

HEAgFj], H[KF 2 ], H[NaF 2 ], H[NH 4 F 2 ], NasEFeFe], NaaEAlFe], etc. 

The free acids corresponding to the above salts either do not exist 
or are extremely unstable. Silver hydrogen fluoride, H[AgF 2 ], is 
decomposed on gentle heating into AgF and HF, while the corre- 
sponding alkali compounds are decomposed only on strong ignition; 
for this reason the latter are suitable for attacking difficultly decom- 
posable silicates, zircon and titanium minerals, etc., which ate only 
partially attacked by free hydrofluoric acid. 
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Solubility . — The fluorides of the alkalies, of silver, aluminium, 
tin, and mercury are soluble in water, while those of the alkaline 
earths, of lead, copper, and zinc, are insoluble, or at least very 
difficultly soluble. 


HBACTIONS IN THE WET WAT. 

For reactions 1. 2, and 3. powdered calci u m fluoride may be used, 
but for reactions 4, 5, 6, and 7, a solution of sodium fluoride is neces- 
sary. 

1. Dilute Sulphuric Acid causes only a slight reaction. 

2. Concentrated Sulphuric* Acid reacts readily on warming, 
setting free hydrofluoric acid: 

CaF,+ H,S04=CaS04+ 2HF. 

If this reaetion is performed in a test-tube, the hydrofluoric 
acid will attack the glass, forming volatile silicon fluoride and salts 
of hydrofluosilidc acid; but the latter are decomposed by the con- 
centrated sulphmic acid into sulphate, hydrofluonc acid, and sili- 
con fluoride, 

NasCaSi,0,4+28HF=14H,0+NajSiF,+CaSiF,+4SiF4, 

Soda glass 

and 

Na,SiF,-t- H,S04= Na,SO«-l- 2HF-I- SiF,, 

CaSiF,+ H,S 04 =CaS 04 -t- 2 HF-l-SiF 4 . 

The silicon fluoride formed by this reaction is a colorless gas 
with a penetrating odor, and is decomposed by water, forming 
gelatinous silicic acid and hydrofluoric acid: 

(1) SiF4-|-4HaO-Si(OH)4+4HF. 

Silicon fluoride, however, readily combines with hydrofluorie acid 
to form hydrofluosilicic acid: 

(2) SiF4-l-2HF-H2[SiFo], 


and the latter compound is not decomposed by water. The whole 
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reaction, therefore, which takes place between silicon tetrafluoride 
and water is expressed by the sum of the two equations, as follows: 

3SiF4 +4H20= Si(OH)4 +2H2[SiF6]. 

If, therefore, a fluoride be heated in a glass test-tube with con- 
centrated sulphuric acid, and the escaping vapors allowed to act 
upon water, by placing a moist glass tube rod in the tube, the 
water adhering to the rod will become turbid. 

Remark . — Although the above test rarely fails when relatively 
large amounts of fluoride are used, it will not be obtained in the 
case of certain minerals containing fluorine, such as topaz, turma- 
line, etc. The test may fail, furthermore, if the fluoride is mixed 
with a large excess of that modification of silicic acid which is most 
readily attacked by hydrofluoric acid. According to Daniel,* this 
is due to the formation of a stable oxyfluoride probably of the 
formula SiOF 2 . 

The silicon tetrafluoride at first formed combines with the 
excess of amorphous silicic acid present, as follows: 

SiF4 + Si02 = 2SiOF2, 

but this reaction will take place only very slowly if at all with 
quartz powder or with the silica of a silicate such as glass. 

A positive result will be obtained invariably when the tetra- 
fluoride test is made in a platinum vessel with a relatively large 
amount of fluoride and comparatively little amorphous silicic a:cid 
or silicate (large amounts of quartz do not influence the reaction); 
the test will be negative, on the other hand, if made in platinum 
with no silicic acid, or, strange to say, when only quartz is present 
with the fluoride. The reason for this different behavior lies 
in the difficulty with which quartz is attacked by hydrofluoric 
acid. 

Daniel recommends the following method for performing the 
test: 

The substance to be tested for fluorine is mixed with about 


*Zeitschr. f. anoig. Ch., 38 (1904), p. 209. 
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three times as much (by volume) ignited quartz powder, and 
mixed to a paste in a test-tube with concentrated sulphuric acid. 
The test-tube is then closed with a cork in which one hole has been 
bored and an opening cut in the side. Through the hole in the 
cork is passed a glass rod blackened with asplialt paint, and on 
the bottom of the rod hangs a drop of water suspended; this rod 
is pushed down until it is only a distance equal to about the 
diameter of the test-tube from the paste in the bottom. The 
tube and its contents are gently heated over a small flame, and 
if a fluoride is present a white film of Si(OH )4 will be formed in the 
drop of water and will be shown plainly in contrast to the black rod. 
In a tube with 1 cm. diameter fluorine equivalent to 1 mill igram 
of calcium fluoride may be detected, while with a tube of only 
0.5 cm. diameter as little as 0.1 milligram of calcium fluoride will 
give the test. When using {i tube of small diameter, it is best to 
add the sulphuric acid through a small capillary pipette to avoid 
wetting the sides of the tube. 

If the substance contains considerable amorphous silica, or 
when an oxyfluoride, such as topaz, is present, which is hard to 
decompose with sulphuric acid, the test will fail, and it is th^ 
necessary to make use of the etching test. 

3. 'Ifte Etching Test.— The substance to be tested for fluoride 
is placed in a platinum crucible, treated with concentrated sulphuric 
acid, and the crucible covered with a watch-glass whose convex side 
is provided with a thin coating of beeswax upon which a few letters 
have been written. On warming the contents of the crucible, the 
glass will be etched at the places where the escaping, gas comes in 
contact with it, if a fluoride was originally present. By covering 
the upper concave side of the watch-glass with a little cold water, 
the wax coating will not melt during the experiment. 

If it is desired to detect the presence of a trace of fluorine, 
the crucible is allowed to stand covered with the watch-glass for 
twelve hours and then heated for a few minutes. The presence of 
only 0.0003 gm. of calcium fluoride is sufficient to give this test, 
provided a crucible of the right size is used. 

If the fluoride contained silica (as in topaz, turmaline, and other 
minerals), the etching test will be negative, for even if the fluorine 
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escapes, it will be in the form of silicon fluoride, which does not 
attack glass. 

In order to detect small amounts of fluoride in silicates, it is 
necessary first to transform the fluorine into calcium fluoride and 
to subject the latter compound to the test. 

In order to separate the fluorine as calcium fluoride, the follow- 
ing process is used: 

The finely-pulverized silicate is mixed with 6-8 times as much 
sodium carbonate, fused in a platinum crucible, and the melt treated 
with water after it is cold. A solution is then obtained in which all 
of the fluorine is present as sodium fluoride, together with sodium 
silicate. The silica is removed by adding considerable ammonium 
carbonate to the solution, warming it slightly, and allowing it to 
stand twelve hours. After filtering off the silica, the solution is 
evaporated to a small volume, and a little phenolphthalein added, 
which will cause the solution to become reddish. Hydrochloric 
acid is carefully stirred in until the solution becomes colorless, and 
it is heated to boiling, when the color will reappear. The solution 
is again decolorized with hydrochloric acid after it has become cold, 
and the process repeated until the solution becomes only faintly 
colored on boiling it. . 

Calcium chloride solution is now added and the solution again 
boiled. The precipitate formed consists of calcium carbonate and 
calcium fluoride, which is filtered off, washed, dried, and ignited in a 
platinum crucible. The ash is then treated with dilute acetic acid, 
evaporated to dryness, triturated with water and the undissolved 
calcium fluoride filtered off. After drying the precipitate and 
burning the filter, it is ready for the etching test. 

4. Silver Nitrate causes no precipitation from solutions of 
soluble fluorides. 

5. Barium Acetate precipitates barium fluoride soluble in an 
excess of mineral acid and in ammonium salts. Traces of fluorine 
present as preservative in foods, liquors, etc., may be detected by 
adding a little potassium sulphate (about 0.3 gm.) to the solution, 
heating it to boiling and slowly introducing 10 c.c. of 10 per cent, 
barium acetate solution. The precipitate of barium sulphate and 
fluoride is then subjected to the etching test.* 

6. Calcium Chloride gives a white, slimy precipitate, difficultly 
soluble in hydrochloric and nitric acids, but almost entirely insolu- 

* Cf. Blarez, Chem.News, gz, 39; also Woodman and Talbot, J. Am. Chenu 
Soc. XXVII. p. 1437. 
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ble in acetic acid. On account of its slimy consistency, the precipi- 
tated calcium fluoride is extremely hard to filter; but by precipi- 
tating it in the presence of calcium carbonate a mixture is obtained 
which can be readily filtered. After igniting and treating with 
acetic acid, the precipitate is changed to soluble calcium acetato 
and insoluble calcium fluoride; it is now much denser and can be 
filtered readily. 

7. Ferric Chloride produces in concentrated solutions of alkali 
fluorides a white, crystalline precipitate corresponding to the gen- 
eral formula [FeFJX,. These salts, which are analogous to cryo- 
lite, [AlFJNa,, are difficultly soluble in water, and their saturated,, 
aqueous solutions do not pve the iron reaction upon the addition of 
potassium sulphocyanate, except after the addition of acid. Thes& 
complex fluorides also are incompletely decomposed by ammonia,, 
basic fluorides being formed. 

Methods for Getting Insoluble Fluorides into Solution. 

(а) Calcium fluoride alone cannot be completely decomposed b 3 r 
fusing with sodium carbonate. The aqueous solution of the melt 
always contains a considerable amount of sodium fluoride, but 
never the total amount of the fluorine. If, however, the fluorido 
is mixed with silica or a silicate, complete decomposition can be 
effected by fusing with sodium carbonate, 

6CaF,-|- 6SiO,=2CaSiF,+4CaSiO„ 
and 

CaSiF.+4Na4CO,=CaCO,-|- NajSiO,-t-3CO,+ 6NaF. 

On treating the melt with water, sodium fluoride and sodium tili- 
cate go into solution; the silicic acid can be removed from the solu- 
tion by the process described on page 352. 

(б) All fluorides are decomposed by heating with concentrated 
sulphuric acid, being changed to sulphates. 

REACTIONS IN THE DRY WAT. 

Most fluorides are unchanged by ignition. By heating them 
with silica in moist air, they are all more or less completely decom- 
posed: 


CaF,+ H,0+ SiO,=CaSiO,-|- 2HF. 
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The acid fluorides give off hydrofluoric acid on ignition, whereby 
the glass tube in which they are heated becomes etched. 

HYDROFLUOSILICIC ACID, H^SiF,. 

As we have seen, this acid is formed by the action of silicon fluo* 
ride upon water: 

3SiF,+ 4H,0 =2H,SiF,+ Si(OH),. 


If the silicic acid is filtered off, a strongly-acid solution is ob- 
tained containing hydrofiuosilicic acid. By evaporating the solu- 
tion, the acid is decomposed into silicon fluoride and hydrofluoric 
acid, 

H^iF,=SiF4+2HF, 

so that hydrofluosilicic acid itseif is only known in aqueous solution, 
although its salts are very stable. 

SolvMliiy . — Most silicofluorides are soluble in water; the potas- 
sium and barium salts form exceptions, being difficultly soluble in 
water and insoluble in alcohol. 

niCACTIONS IN THE WET WAY. 

A solution of sodium silicofluoride should be used. 

1. Dilute Sulphuric Acid causes only a very slight decompo- 
trition. 

2. Concentrated Sulphuric Acid decomposes all silicofluorideb, 
evolving silicon fluoride and hydrofluoric acid: 

NajSiF.-t- H,S 0 ,=NajS 04 -|- SF.-t- 2HF. 

If the reaction is performed in a platinum crucible, the escaping 
gas will etch glass, and will cause a drop of water to become turKd. 

3. Silver Nitrate produces no precipitation. 

4. Barium Chloride ^ves a crystalline precipitate (1 part of 
the salt dissolves at 17° C. in 3731 parts of water). 

5. Potassium Chloride produces, from solutions which are not 
too dilute, a gelatinous precipitate of potassium silicofluoride, which 
is difficultly soluble in water (833 parts of water dissolve at 17° C. 
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one part of the salt) and much more insoluble in an excess of potas- 
sium chloride or in alcohol, but soluble in ammonium chloride. 

6. Ammonia decomposes all soluble silicofluorides, with separa- 
tion of silicic acid: 

NagSiFe +4NH4OH =2NaF +4NH4F H-Si(OH)4. 

7. Potassium and Sodium Hydroxides react in the same way 
as ammonia, but the silicic acid remains in solution as alkali sili- 
cate. 

REACTIONS IN THE DRY WAY. 

All silicofluorides are decomposed on being heated into fluoride 
of the metal and silicon fluoride: 

K,SiF«=2KF+SiF4. 

The escaping gas renders a drop of water turbid, and the residue 
gives all the reactions of a fluoride. 

GROUP VIL 

NON-VOLATILE ACIDS WHICH FORM SOLUBLE SALTS WITH THE 

ALKALIES. 

Silicic Acid, Si_Qg and Si^OH.* 

Occurrence . — ^The above acids, from which very stable salts are 
derived, are not known in the free state, as is the case with car- 
bonic and sulphurous acids; although there are indeed amorphous, 
natural minerals consisting of hydrated silica with varying amounts 
of w^ater: water opal with about 36 per cent, water, ordinary opal 
with from 3 to 13 per cent, water, and hyalite with about 3 per 
cent, water; but none of these substances represents a compound 
of constant composition. 

^The anhydride SiOj occurs In rhombohcdral crystals as quartz, 
whose prismatic faces are almost always striated horizontally; and 
as tridymite, also crystallizing in the hexagonal system. The 
amorphous silicic acid is often found mixed with the crystallized 
anhydride as flint, agate, chalcedony, jasper, etc. Silicic acid is, 
however, most frequently found in the form of its salts, ther silicates. 

* To this group also belong titanic, zirconic, tantalic, niobic, and tungstio 
acids. 
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Preparation and Properties . — Silicic acid can be very readily ob- 
tained pure by the hydrolysis of its fluoride. 

3SiF,+ 4H,0 =2H,SiF,+ Si(OH)„ 
or by the decomposition of alkali silicates (water-glass) with acids : 

Na^SiO,-!- 2Ha = 2NaCl-t- SiO,H,. 

The silicic acid thus obtained forms an amorphous, gelatinous 
mass, appreciably soluble in water and acids, and readily soluble in 
even dilute solutions of caustic alkalies or alkaline carbonates. 
Thus freshly-precipitated silicic acid will be readily and completely 
dissolved by a short digestion with 6 per cent, (or even 1 per cent.) 
sodium carbonate solution on the water-bath. On being dried, silicic 
acid gradually loses water, and at a gentle red heat is changed into 
the form of its anhydride. According to the extent to which the 
dehydration has gone, the solubility of the silicic acid diminishes 
both in acids and in alkalies. 

1. Air-dried silicic acid, with 16.66 per cent, of water, corre- 
sponding to the fonnula 3SiO,*2HjO, is perceptibly soluble in acids, 
and completely dissolved by digestion for i to i an hour with 1 
per cent, soda solution on the water-bath. 

2. Silicic acid dried at 100° with 13.60 per cent, of water, corre- 
sponding to the formula 2810, -H^O, is practically insoluble in acids, 
but can be dissolved by digesting for \ hour with 1 per cent, sodium 
carbonate solution upon the water-bath, or more readily by boiling. 

3. Silicic acid dried at 200°, with 5.66 per cent, of water, cor- 
responding to the fonnula SSiOj-H^O, and the acid dried at 300°, 
with 3.40 per cent, of water, corresponding to the fonnula 9SiO, • HjO, 
dissolve slowly by digestion with 1 per cent, sodium carbonate solu- 
tion on the water-bath. 

4. The anhydride obtuned by gentle ignition to a faint-red heat 
is only partly dissolved by 1 per cent, or by 5 per cent, sodium 
carbonate after half an hour’s digestion on the water-bath; but is 
dissolved after boiling for two hours with the sodium carbonate 
solution. 

5. The strongly-ignited anhydride is only soluble in 5 per cent, 
boiling sodium carbonate solution after repeated boiling for a bng 
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time, but is readily dissolved by boiling with concentrated caustic 
«oda or potash. 

6. The native anliydride, quartz, after being powdered in an agate 
mortar, is practically insoluble in 5 per cent, sodium carbonate solu- 
tion, and extremely difficultly soluble in boiling caustic alkali. If 
it is in the form of an extremely fine powder, it can be dissolved by 
boiling with 5 per cent, sodium carbonate solution (Lunge and Mill- 
berg). 

It follows from the above that the solubility of silicic acid (and 
of its anhydride) in alkali carbonates depends largely upon the fine- 
ness of the material. 

Silicic acid, as well as its anhydride, is soluble in aqueous hydro- 
fluoric acid, forming hydrofluosilicic acid: 

SiO,+ 6IIF = 21ifi+ H^SiFe. 

By evaporating this solution hydrofluoric acid is evolved; and 
silicon fluoride, with small amounts of silicic acid, is left behind. In 
order, then, to completely volatilize silicic acid by means of hydro- 
fluoric acid, the hydrolytic action of water must be prevented, 
which is effected by the addition of a little concentrateti sulphuric 
acid. The process is as follows: 

A little water, not more than J c.c. of concentrated sulphuric 
acid, and then the hydrofluoric acid, arc added to the silica, and the 
mixture evaporated on the water-bath until the mass no longer 
smells of hydrofluoric! acid, when the sulphuric acid is driven off by 
heating the crucible in an inclined position over a small flame. If 
considerable silicic acid is present, the operation must be repeated 
two, or perhaps three, timc?s. 

The salts of silicic acid, the silicates, are exceedingly numerous, 
and are usually very stable. Many of them are so stable that they 
are not attacked by concentrated acids, while others are easily de- 
composed thereby. 

The different silicates are classified according to their solubility 
into 

A. Water-soluble silicates. 

B. Water-insoluble silicates, which are again divided into 

(а) Silicates decomposable by acids; 

(б) Silicates undecomposablc by acids. 
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A. Water-soluble Silicates. 

The silicates which are soluble in water, or '' water-glasses/^ are 
obtained by fusing silica or a silicate with caustic alkali or alkali 
carbonate: 

SiO,+ Na^COj- Na^Si03+ CO,. 

1. Behavior Towards Acids. — If a solution of water-glass is 
treated with dilute hydrochloric acid, a gelatinous precipitate is 
formed (if the solution is not too dilute) consisting of silicic acid: 

Na3Si03+ 2HCl=2NaCl+H,Si03. 

This precipitation is by no means quantitative; considerable 
amounts of silicic acid always remain in solution, and under some 
conditions all of it can remain dissolved in the acid. If the water- 
glass solution is quickly poured into an excess of not too dilute 
hydrochloric acid, there will be no precipitation of silicic acid, but 
after standing some time the whole solution is changed to a jelly. 
Possibly the soluble orthosilicic acid is first formed, but it gradually 
loses water and is changed into diflicultly soluble metasilicic acid. 

The silicic acid which is precipitated upon the addition of acid 
is, therefore, considerably soluble in dilute acids. In order to com- 
pletely separate the silicic acid from a solution of water-glass, 
the hydrated acid must be changed into the less hydrated acid, 
2Si03‘H20, by heating at 100® C. (cf. page 366). For this purpose 
the water-glass solution is acidified with hydrochloric acid (or nitric 
or sulphuric acid) and evaporated on the water-bath to complete 
dryness (the mass must no longer smell of acid). The dry residue 
is treated with water to which a little acid has been added, and after 
filtration very little silicic acid remains dissolved.* 

2. Behavior Toward Ammonium Salts. — If a solution of water- 
glass is treated with an ammonium salt, the silicic acid will, for the 
most part, be precipitated as hydroxide; the precipitation is not quite 
quantitative, but more complete than is obtained by the addition of 
cold dilute acid: 

Na,Si03+ 2NH4CI+ 2H,0=2NaCl+ 2NH,OH+ H^SiO,; 
Na^Si03+ (NH,)2C03+ 2H30= Na^CO,^- 2NH4OH+ H^SiO,. 

* The small amount of silica remaining in solution can be removed almost 
entirely by a second evaporation of the filtrate. Cf. Hillebrand, J. Am. 
Chem. Soc., 1002, p. 362. 
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The precipitation by means of ammonium carbonate is less com- 
plete than in the case of an ammonium salt of a stronger acid, on 
account of the formation of sodium carbonate, which exerts a solvent 
action upon the precipitate. We are, nevertheless, often compelled 
to use this reagent, as, for example, when it is desired to test a sili- 
cate for chlorine or fluorine (cf. page 352). 

Silicic acid is more completely precipitated by zinc ammonium 
hydroxide than by ammonium carbonate, 

Na^Si03+ [Zn(NIl3)e](OII)3=2NaOH+ 6NIT3+ ZnSiOj, 

because the zinc silicate formed by the reaction is much more diffi- 
cultly soluble in dilute ftlkaline solution than is the free silicic acid. 

The separation of silicic acid from a solution of water-glass by 
means of ammonium carbonate may be illustrated by a common 
case. Many rocks (particularly the zircon-syenite of Norway and 
Greenland, many granites and basalts) r ontain small amounts of so- 
dalite, NaCl*3NaAlSi04, a chloride silicate of the Icucite group. In 
order to detect the chlorine in such a rock, the following process may 
be used: The finely-powdered silicate is fused with six times as 
much sodium carbonate in a platinum crucible, and the i)roduct of 
the fusion is treated with cold water and filtered. The filtrate 
contains all of the chlorine as sodium chloride in the presence of 
sodium silicate. The solution is treated with ammonium car- 
‘bonate, warmed gently, allowed to stand twelve hours, and the 
precipitated silicic acid filtered off. In order to separate the rest 
of the silicic acid, a little zinc ammonium hydroxide * is added and 
the solution boiled until it no longer smells of ammonia. The pre- 
cipitated zinc silicate and zinc oxide are filtered off, the solution 
acidified with nitric acid and tested with silver nitrate for chlorine. 

B. Silicates Insoluble in Water. 

(a) Decomposable by Acids, 

A large number of native silicates are decomposed by evapora- 
tion with hydrochloric acid, the silica being deposited sometimes 
in the form of a jelly and sometimes in the form of a powdery mass. 

♦Prepared by dissolving pure zinc in nitric acid, treating the solution 
with potassium hydroxide solution until it is neutral, and dissolving the fil- 
tered and washed zinc hydroxide in ammonia. 
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All zeolites, and a number of artificial silicates (such as Portland 
:and Roman cements) belong to this class of silicates. 

In order to remove all of the silicic acid from these silicates, the 
finely-powdered mineral is treated with dilute hydrochloric acid, 
evaporated on the water-bath to dryness, the mass moistened with 
eoncentrated hydrochloric acid,* allowed to stand for 20 minutes, 
hot water added, and the solution boiled and filtered. The silicic 
acid is left on the filter, and the filtrate contains the metals as chlo- 
rides.f 

The purity of the residual silicic acid must always be tested. 
For this purpose the well-washed precipitate is placed, together 
with the filter-paper, in a clean platinum crucible, held in an inclined 
position on a triangle, and the filter-paper carefully burnt. The 
residue is treated with about 2 c.c. of water, a drop of concentrated 
aulphuric acid, and about 3-5 c.c. of pure hydrofluoric acid, and 
evaporated as far as possible on the water-bath. The excess of sul- 
phuric acid is then removed by cautious heating over the free flame. 
If the silicic acid were pure, nothing should remain after the evapo- 
ration of the sulphuric acid. Almost always a small residue of 
aluminium and ferric oxides remains, which in most cases can be 
neglected. If considerable residue is left, it should always be tested 
for titanic acid and barium sulphate. 

(j9) Silicates Undecomposable by Acids. 

Most silicates, the feldspars, micas, artificial glasses, porcelain, 
etc., belong to this class. In order to remove the silicic acid from 
auch substances, they must be 

1. Fused with an alkali carbonate, 

2. Fused with lead oxide or boron trioxide, or 

3. Heated with sulphuric and hydrofluoric acids. 

1. Fiision with an Alkali Carbonate . — ^This method is commonly 
used when it is desired to detect the presence of silicic acid and of 
the bases with the exception of the alkalies. 

The finely-powdered substance is mixed with 4-6 times as much 

* The moistening with concentrated hydrochloric acid serves to convert 
any oxides or basic salts of iron, aluminium, magnesium, etc., into soluble 
chlorides. 

t Cf. page 358. — Foot note. 
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calcined sodium carbonate (or a mixture of equal parts of sodium 
and potassium carbonates, which melts lower than sodium carbo- 
nate alone), placed in a platinum crucible and heated carefully at 
first to avoid spattering from too violent evolution of carbon dioxide. 
The temperature is gradually increased until the full heat of the 
burner is reached, and the fusion continued until the molten mass is 
quiet, when it is heated for about a quarter of an hour over the 
blast lamp. The crucible is then cooled quickly by dipping it while 
still glowing into cold distilled water, whereby the fused mass can 
usually be removed from the crucible without difficulty.* The 
product of the fusion is treated as previously described under (a), 
being now converted into sodium silicate or a silicate soluble 
in acid: 

CaAI,Si/)3+ 3Na2C03=2Na2Si03+ CaC03+ 2 A 10 ( 0 Na)+ 2CO3. 

Aiionhite 

By evaporation with hydrochloric acid, the following reaction 
takes place: 

2 Na 3 Si 03 +CaC 03 + 2 A 10 ( 0 Na)d- 14 HC 1 = 

- 6NaCl+ CaCl3+ 2AICI3+ 2H3SIO3+ CO3+ SH^O. 

2 . Fusion with Lead Oxide or Boron Trioxide. — ^I'his method is 
very rarely used in qualitative analysis, so that it will not be 
necessary to describe it here. It plays an important part in quan- 
titative analysis, and will, therefore, be described in the second 
volume of this book. 

3 . Decomposition by Hydrofluoric Acid. — ^This method is princi- 
pally used when a silicate is to be examined for alkalies, titanic acid 
or barium. The finely-powdered silicate is placed in a platinum 
dish, about 2 c.c. of pure sulphuric acid (1 vol. concentrated acid 
and 2 vols. of water) and about 6 c.c. of freshly-distilJed hydro- 
fluoric acid are added, and the mixture evaporated on the water* 
bath, stirring the mass from time to time with a thick platinum 
wire until it no longer smells of hydrofluoric acid. 5 c.c. more of 
hydrofluoric acid are added and again evaporated, when the dish 
is heated very carefully over the free flame under a good hood, 
until the greater part of the sulphuric acid is expelled f After 

♦ For another excellent method for removing the melt from the crucible 
see Talbot’s Quantitative Chemical Anab''si3, p 32 

t The mass sliould not fuse, for a part of the sulphate may then be changed 
to an oxide insoluble in water . The sulphates of iron and aluminium, for 
example, are decomposed on ignition. 
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cooling, the mass is treated with water, when usually ever 3 rthing 
will by degrees go into solution. If a residue remains, it is tested 
for barium sulphate and titanic acid. The solution can be used 
for the alkali tests, or for the tests for the other metals if it is 
desired. 


REACTIONS IN THE DRY WAY. 

If silicic acid or a silicate is heated in the salt of phosphonis 
bead, the metallic oxide will dissolve, while the silicic acid itself will 
be left as a white gelatinous mass, suspended in the bead (skeleton 
bead). This reaction is, however, not infallible, for certain silicate's 
of the zeolite group dissolve in the bead without the formation of the 
skeleton. 

SILICON, Si. At. Wt. 28.4. 

Silicon exists in two modifications, one of which is crystalline, 
while the other is amorphous. Amorphous silicon is a dark-brown 
powder, which can be oxidized by heating in the air w'hilo the crys- 
talline modification remains unchanged on ignition in pure air or in 
oxygen, but if the air contains carbon dioxide, it is oxidized to sili- 
con dioxide with deposition of carbon: 

CO^+Si=SiO^+C. 

Crystallized silicon is not attacked by any acid, but is readily 
dissolved by boiling with concentrated caustic alkali with evolution 
of hydrogen : 

Si+2Na0H4-H*0=Na2Si03+2H,. 

Silicon unites with many metals, forming silicides. The silicides 
of the light metals, magnesium, calcium, etc., are decomposed by 
dilute hydrochloric acid with the formation of spontaneously-com- 
bustible silicon hydride *: 

SiMg^ + 4HC1= 2MgCl3 + SiH^. 

In order to detect the presence of silicon in such a compound 
it is treated with nitric acid, which oxidizes the greater part of the 
silicon to silicic acid. 


* Silicon hydride in the pure state is not spontaneously combustible, ex- 
cept when mixed with hydrogen, which is almost always the case. 
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If it is a question of detecting the presence of silicon in the differ- 
ent kinds of irons (steel, cast iron, etc.), a large amount of material 
should be taken, for the amount of iron silicide present is usually 
very small. Five or ten grams of the material to be tested (best in 
the form of borings) arc placed in a laigc beaker and treated with 
60 c.c. of nitric acid (sp. gr. 1.2). A violent reaction at once takes 
place with evolution of brown nitrous fumes. As soon as this action 
lessens, it is heated to boiling, and the heating contiriiied until no 
more brown fumes are given off, when it is poured into a 200-c.c. 
evaporating-dish of Berlin porcelain and evaporated as far as possi- 
ble upon the water-bath. It is then heated, with constant stirring, 
over a free flame until completely dry. The mass is then ignited 
until the nitrate is completely changed to oxide, when no more 
brown fumes will be evolved. After cooling, the mass is dissolved 
in about 50 c.c. of concentrated hydrochloric acid, heated with con- 
stant stirring almost to boiling, evaporated almost to dryness, taken 
up in water, filtered, and the residue tested for silicic acid, by seeing 
whether it is volatile with sulphuric and hydrofluoric acids. 

In the case of pig iron, the silicic acid obtained is usually consid- 
erably contaminated with graphite, which can be removed by long 
ignition in a platinum crucible before treating with hydrofluoric 
and sulphuric acids. 

Other silicides, such as carborundum. SiC, are not decomposed 
by nitric acid, they can be fused with caustic alkali in a silver 
crucible, 

SiC+ 4 KOH+ 2H3O = K^SiO, -f K,CO,+ 4H3. 

and on acidifying the melt, the silicic acid separates out.* 

This last method is often used for getting many metallic silicides 
into solution. Many copper silicon alloys are scarcely attacked by 
even aqua regia. If. however, they are fused with caustic alkali 
in a silver crucible, potassium silicate, metallic copper, and hydro- 
gen arc formed; 

SiCu3+ 2 KOH+ H3O = K3SiO,+ CU3+ 2H3. 

By treating the melt with water, the soluble potassium silicate may 
be separated from the copper. 

* Carborundum in the form of a fine powder is also easily decomposed by 
fusing wit)i potassium carbonate. On removing the cover of the platinum 
crucible the blue flame of burning carbon monoxide is apparent. 
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The purpose of a qualitative analysis is not simply to find out 
what elements are contained in a given substance, but it should also 
give a good idea of the relative amounts that arc present. Manganese 
chloride, for example, is made from pyrolusite, and almost always 
contains traces of calcium, magnesium., nickel, cobalt, and iron. If 
the analyst should report that 'Hhe analyzed substance consists of 
chlorides of calcium, magnesium, nickel, cobalt, iron, and manga- 
nese,’’ it is evident that one would get but a poor idea of the nature 
of the substance. The report should read: ‘‘The substance exam- 
ined was manganese chloride, and contained traces of calcium, mag- 
nesium. etc., as impurities.’’ 

In order to be able to estimate the relative amounts of the differ- 
ent components of a substance, it is necessary to start with a known 
amount (usually ^-1 gm.) and compare the size of the precipitates 
produced. It will be impossible for the beginner to estimate the 
amount of a precipitate obtained, if he has studied the reactions of 
the elements with unknown amounts of the different substances. 
If he has learned to work with a known amount of material, he will 
soon be able to judge from the size of a precipitate the amount of 
element to which it corresponds. 

Every analysis should be divided into three parts: 

I. The preliminary examination, 

II. The examination for the metals (cations), 

III. The examination for the negative dements (anions). 

The substance analyzed can be 

A. Solid and nonrmetallic. 

B. A metal or an alloy. 

C. A solvlion (liquid). 

D. A gas. 
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The whole amount of the substance at hand should never be used 
for the first analysis, but a portion should always be reserved for 
unforeseen accidents. The portion taken for analysis should be 
divided into two parts after the preliminary examination, the first 
part being used for the tests for the electro-positive and the other 
part for the tests for the electronegative elements. 

Before beginning an analysis, the substance should be carefully 
examined with the naked eye and with the microscope, and the 
results noted. Oftentimes the smell, color, and crystalline form 
suffice to give important clues as to the nature of the substance. 

A. THE SUBSTANCE IS SOLID AND NON-METALLIC. 

I. Preliminary Examination. 

This should never be omitted, for it often shows how the subse- 
quent analysis may be considerably shortened, and in some cases 
‘makes the further examination unnecessary. It consists only of 
making the following few simple tests: 

1 . Heating in the Closed Tube. — By a closed tube is understood 
a small test-tube, or a glass tube sealed at one end. A small amount 
of the substance to be tested is placed in the tube so that none of it 
remains adhering to the sides. The tube is held in a nearly hori- 
zontal position and cautiously heated in the flame, while the ob- 
server notes carefully whether any changes take place. 

The Substance is Volatile. 

(а) The -substance sublimes completely without any deposition 
of water; it contains no non-volatile substance. 

The sublimate is white. The halogen compounds with ammonia, 
mercurous chloride and bromide, mercuric amidochloride, arsenic 
trioxidc and arsenic pentoxide * may be present. 

The sublimate is colored — 

Gray: all oxygen compounds of mercury, cyanide of mercury, f 
free iodine, and arsenic. 

Yellow: arsenic sulphide, sulphur, mercuric iodide.]: 

Gra 3 dsh black: mercuric sulphide. 

(б) The substance is completely volatile, with separation of 

* Arsenic pentoxide melts before being changed into the trioxide. 

t Mercuric cyanide leaves a brown mass, the paracyanide, which only 
disappears after long-continued heating. 

t Mercuric iodide becomes red immediately on being rubbed with a glass rod. 
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water and gaseous products: most aniimonium compounds (with the 
exception of thpsc of the halogens) and free oxalic acid.* 

The Substance is Only Partly Volatile. 

In this case gases and vapors may be evolved: 

Oxygen from peroxides, nitrates, chlorates, iodates, etc. 

Carbon dioxide from carbonates and organic substances; in the 
latter case it is usually accompanied with the separation of carbon 
and evolution of erapyreumatic, combustible vapors. 

Chlorine from chlorides of platinum, gold, copper, iron, etc. 

Iodine from iodides, in the presence of oxidizing substances. 

Sulphur from many sulphides and thiosulphates. 

Arsenic from arsenites t and arseniates, in the presence of carbon 
or organic substances. 

Water from substances containing water of crystallization, from 
acid salts, organic substances, or from the phosphate, borate, 
chromate, vanadate, and tungstate of ammonium. 

The water given off condenses in the cooler part of the tube and 
should be tested with litmus-paper. If it reacts alkaline, it comes 
from ammonium compounds; if acid, it results from easily decom- 
posable salts of the stronger acids. 

Many fluorides when heated with water give off hydrofluoric 
acid, which etches the glass. 

If a sublimate is formed, the following experiment is made: 

2. A Portion is Mixed with Three Times as Much Calcined 
Sodium Carbonate and Heated in the Closed Tube. — Ifammonium 
salts are present, the smell of ammonia can be detected. Mercury 
compounds give a deposit of gray metal (cf. page 156) ; arsenic and 
its oxygen compounds also usually yield the gray metal, f (but no 
globules) accompanied by a garlic oilor. 

3. The Substance is Tested in the Bead. — K bead of borax, oi 
salt of phosphorus, is produced in the loop of a very thin platinum 
wire (as described on page 23) and introduced with a little of the 
substance into the oxidizing flame, and the color of the bead ob- 
served both when it is hot and when it is cold, after which it is 

* By very cautious heating, oxalic acid may be sublimed; it usually de- 
composes, however, into water, carbon monoxide, and carbon dioxide. 

t Arsenites are reduced without the aid of charcoal: 

5As(OK) 3 = SKjAsO, + 3K3O + As,. 

% The oxygen compounds of ai^nic do not give the metal when heated 
with pure soda. Commercial soda, hovrever, is usually contaminated with 
paper threads, which cause the reduction. 
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heated in the reducing flame. Borax is usually used for this experi- 
ment, except when it is desired to test for silicic or titanic acids, oi 
when the substance is white, in wliich case salt of phosphorus is used. 
Only colored oxides are capable of coloring the borax bead.* 

The following substances impart a characteristic color to the 
bead: iron, manganese, nickel, cobalt, chromium, uranium, coppei 
(didymium, cerium, vanadium, titanium, and tungsten). 

the coloration varies with the temperature and with the 
amount of substance used, the results to be expected, with the neces- 
sary conditions, are summarized in the following table. The follow- 
ing abbreviations will be used: h=hot; c=cold; h — c — hot and 
cold; s.s. = slightly saturated; sat. = saturated. 


Color of 
the Bead. 

With Borax. 

With Sal.t of Piiosphorcb. 

In the Oxidizing 
Flame. 

In the Reducing 
Flame. 

In the Oxidizing 
Flame. 

In the Reducing 
Flame. 

Colorless 

SiOj (without 
skeleton), alka- 
line earths, Hg, 
Pb, Bi, Sb, Cd, 
Zn, Sn, Xi 

SiOj (without 
skeleton), alka- 
line earths and 
earths, Mn, Di, 
Ce, Cu (s.s.) 

Si02 (usually 
with skeleton), 
alkaline earths 
and earths (sat. 
=* turbid) 

SiO, (usually 
WMth skeleton), 
alkaline earths 
and earth.s, Mn, 
Di, Ce, Cu (s.s.) 

W, Mo, Fe 
(s.s. — c) 


W, Ti 


Gray 


An- Pb. Bi, Sb, 
Ckl, Zn, Ni 


Ag, Pd, Bi, Sb, 
Cd, Zn, Ni 

Yellow 

(or 

brown) 

Fe (s.s. — h), Ag 
(h), Ce (h), Ur 
(h), Vd (h— 
sat.), Ni (c) 
(brown) 

Ti (h), W (h), 
Vd (h),Mo(h) 

Fe (s.s. — h), Ag 
(h), Fc(sat. — c), 
Ce (h), Vd (h). 
Ur (h), Ni (c) 
(brown) 

Fc(h),Ti(h) 

Green 

Cr (c), Vd, 

Gu (h) 

Fe (h— c), Ur, 
Cr, Vd (h) 

Cr (c), Cu (h), 
Mo (h), Ur 
(p — .sat.) 

Cr (c), Ur (c). 
Vd (c), Mo (c) 

Blue 

Co (h — c), 

Cu (c) 

Co (h — c) 

Co (h — c), 

(.’u (c) 

Co(h— c).W(c) 

Violet 

Mn(h — c), Di 
(h — c), and Ni 
(with cobalt) 


Mil (h — c), Di 
(h-c) 

Ti(c) 

Red 



Fe (h — sat.) 
Ce (h) 

Cu as in the 
borax bead; 

Ti and W in the 
presence of 
iron^blood red 


* Some are reduced to metal, so that the bead appears gray in the re- 
ducing flame (see table). CUSO4 is white when anhydrous, but becomes 
blue immediately on the addition of water. 
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4. A Small Sample is Heated by Itself upon Charcoal before 
the Blowpipe, and if deflagration takes place a nitrate, nitrite, chlo- 
rate, iodate, etc., may be present. 

5. The Substance is Heated with Soda upon Charcoal 
before the Blowpipe. — As much of the substance as can be taken 
lip on the end of a knife-blade is mixed with twice as much sodium 
carbonate (as described on page 28), placed in the cavity of a piece 
of charcoal and heated in the reducing flame of the blowpiiie. 

There is obtained 


^As mallcablo button: Au, Ag, Sn, Cu, 
which can be pressed flat in an agate mor- 
tar. 


(a) Metal without incrustation.^ 


As gray metallic particles: Pt, Fe, Ni, and 
Co. Pt may be presscid flat in an agate 
mortar; Fe, Ni, and Co are magnetic and 
.are attracted by a magnet (cf. page 25). 


(6) Metal with incrustation . . . 


"As a brittle metallic button: Sb (white in- 
crustation), Bi (yellow incrustation). The 
button may be reduced to a powder by 
grinding in an agate, mortar. 

As a malleable button: Pb (yellow incrus- 
tation). 


( White, yellow when hot: Zn, 

(c) Incrustation without metal. < Brown: Cd. 

( White: As (garlic odor). 

(d) White, infusible, strongly f 

luminous mass ) Sr, Mg, Al, and rare earths. 


(e) Sulphur compounds arc reduced to sulphides. If the melt is placed 
on a bright silver coin and moistened with water, the silver is blackened 
(Hepar reaction). 


6. The Substance is Tested to See Whether it Imparts Any 
Color to the Non-luminous Flame.— A small sample is introduced 
by means of a platinum wire into the base of the flame (cf. page 21), 
and then into the fusing zone. It is afterwards moistened with di- 
lute hydrochloric acid and the experiment repeated. The follow- 
ing indications may be obtained: . 
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Sodium gives a yellow mono-chromatic flame; a piece of 
Bealing-wax or a crystal of potassium dichromate appears yellow 
when illuminated by this flame. 

Potassium (csesium and rubidium) gives a violet flame which 
is completely obliterated by the sodium flame. If the flame is ob- 
served through cobalt glass, the sodium flame disappears and the 
potassium flame appears pink. 

Lithium gives a carmine-red flame (or a red line in the spectro- 
scope). 

Strontium also gives a carmine-red flame (which the spectro- 
scope shows to consist of several lines in the orange, and a bright 
line in the blue). 

Calcium gives a brick-red flame (in the spectroscope an orange 
and a green line arc seen, both about an equal distance away from 
the sodium line). 

Barium gives a greenish-yellow flame. 

In the case of barium sulphate the green flame is either only in- 
distinctly visible or not at all. In order to detect barium in this 
case, a small portion of the substance is heated in the upper reducing 
flame; after cooling it is moistened with hydrochloric acid (odor of 
hydrogen sulphide) and again heated, when the barium flame can 
be easily soon. 

Thallium gives an emerald-green flame. 

‘Another portion of the substance should then be tested for boric 
acid, by treating with concentrated sulphuric acid and bringing near 
the flame. A green color indicates the presence of boric acid, but 
if copper is present this test cannot be relied on.* 

Lead, Arsenic, Antimony color the flame light blue, and copper 
compounds color the flame either green or blue. 

Preliminary Examination for the Electro-negative Elements 

(Anions). 

1. Dilute Sulphuric Acid (double normal). — About a gram of 
the substance is treated in a small test-tube with dilute sulphuric 
acid, and one notes whether a reaction takes place in the cold or not 
(evolution of a gas). 

The following gases can bo recognized: 

HCN from cyanides (odor); 

* By heating the solid substance with potassium ethyl sulphate in a test- 
tube, boric acid is converted into B(OCJl 5 );, which bums with a green flame. 
Copper chloride docs not interfere with this test. V. Castellina, Chem. 
Centralbl., 1905, 1, p. 1619. 
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Hj^S from soluble sulphides (odor, and blackening of lead ace- 
tate paper) ; 

NOj from nitrites (brown fumes); 

SO 2 without separation of sulphur from sulphites (odor of bum* 
ing sulphur) ; 

SO 2 accompanied by separation of sulphur from thiosulphates, 
the deposited sulphur is yellow, particularly after warming; 

COj from carbonates or cyanates (barium hydroxide solution is 
rendered turbid). 

By boiling with dilute sulphuric acid, soluble ferro- and ferri- 
cyanides are decomposed and evolve hydrocyanic acid; acetates, 
set free acetic acid; hypochlorites evolve chlorine (which also 
takes place in the cold) ; while the peroxides of the alkalies and 
alkaline earths are decomposed with evolution of oxygen. 

2. Concentrated Sulphuric Acid. — If the substance does not . 
react with dilute sulphuric acid, a new portion is treated with 3 or 
4 c.c. of concentrated sulphuric acid and heated. If the substance 
reacted with dilute sulphuric acid, it will react violently with con- 
centrated sulphuric acid and the gas will come off so quickly that it 
will carry small particles of the sulphuric acid with it, which makes 
the gas appear to have a penetrating odor and may lead to a mis- 
taken conclusion, especially as it will also cause barium hydroxide 
solution to become turbid. 

In such a case, dilute sulphuric acid is added drop by drop to a 
new portion of the substance until no further action takes place 
when five c.c. of concentrated sulphuric acid are added and the 
mixture warmed. 

Gases and vapors may be evolved, which are 
(a) Colorless. 

HCl from chlorides, fuming in the air, with a penetrating odor. 
The fumes do not cause a turbidity with water. 

SiF 4 * from fluorides, fuming in the air, with a penetrating odor, 
and causing a turbidity on coming in contact with water. 

SO, without, separation of sulphur. If there was no evolution 
of sulphur dioxide on treatment of the substance with dilute sul- 

* SiF4 is formed on account of the experiment being performed in glass. 
In platinum, HF would be evolved in the absence of silica, which does not 
render water turbid. 
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phuric acid, the sulphur dioxide which now escapes must come 
from the sulphuric acid itself; a metal, sulphur, a sulphide, 
carbon, or non-volatile organic matter, such as tartaric acid, 
citric acid, sugar, starch, etc., must be present. If non-volatile 
organic matter is present, carboruzation will take place on 
warming. 

SO3 mth separation of sulphur indicates the presence of a 
sulphocyanate, in case there was no action with dilute sulphuric 
acid. 

CO from oxalates and other organic substances, and cyanates. 
It is an odorless gas, which does not fume in the air and burns with 
a blue flame. 

(h) Colored. 

Cl, a yellow gas with a suffocating odor, turns iodo-starch paper 
blue, and indicates the presence of both a chloride and an oxidiz- 
ing substance. 

CIO2, a yellow gas, very similar to clilorine, but which explodes 
violently on being heated, indicates a chlorate. If the substance 
deflagrates on being, heated on charcoal, only a small portion 
of the substance should be used for this test; but if no explo- 
sion takes place on warming, more of the substance should be 
added. 

HBr from bromides has a penetrating odor, fumes iir the air, 
and is always colored ycdlowish brown by the presence of small 
amounts of bromine. The sulphuric acid is at first colored brown 
in the case of a colorless bromide, but becomes colorkiss on being 
boiled. 

CrOjClj, brown (similar to bromine), results from the presence of 
a chloride and chromic acid. 

I, violet. In the case of a colorless iodide, the sulphuric acid 
is at first colored brown by small amounts of iodide, or gray, solid 
iodine is depositoi if considerable iodide is present, which vola- 
tilizes oh warming, forming violet vapors. If considerable iodide 
is used for this test, the sulphuric acid is reduced to SOj, or even 
HjS (cf. page 262 ). 

MUjO;, violet, is formed from permanganic acid, and is decom- 
posed with scintillation, often exploding, on being warmed. 

NOj, brown, with a penetrating odor, comes from nitrates. 
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'After the preceding tests have been made, the next step is the 

Solution of the Substance. 

As solvents the following are used: 

1. Water; 

2. Hydrochloric acid; 

3. Nitric acid; 

4. Aqua regia. 

In the majority of cases the first three solvents suffice, aqua 
regia being only necessary in a comparatively few cases, as will be 
seen from the foUowing table: 


SOLUBILITY TABLE. 

SUBSTANCES SOLUBLE IN WATER. 

Of Group I (page 243) the following are soluble: 

1. Chlorides. — ^All except AgCl, Cu,Cl,, Hg,Qj, PtCl,, Aud, 
BiOa, SbOCl, MgjOCl,. PbClj and TlCl are difficultly soluble. 

2. Bromides. — ^The same as the chlorides. 

3. Iodides.— All except Agl, Hg,Ij, Hgl,, OUjI^, Pdl,, TII; Pbl, 
is very difficultly soluble. 

4. Cyanides. — Only the cyanides of the alkalies, alkaline earths, 
and mercury. 

5. Ferrocyanides. — Only those of the alkalies and alkaline 
earths. 

6. Ferricyanides. — Same as the ferrocyanides. 

7. Cobalticyanides. — Only those of the alkalies, alkaline earths, 
and the ferric, mercuric, and lead salts. 

8. Sulphocyanates. — ^'Fhose of the alkalies, alkaline earths, iron, 
cupric copper, and mercuric mercury. 

9. Hypochlorites. — ^All. 

Of Group II (page 244) the following are soluble: 

10. Nitrites. — ^All. Silver nitrite is difficultly soluble. 

11. Acetates. — Silver and mercurous acetates and certain basic 
acetates arc difficultly soluble. 

12. Cyanates.— Those of the alkalies, alkaline earths, and most 
of the remidning ones. Silver and lead cyanates are insoluble. 
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13. Sulphides. — Only those of the alkalies and alkaline earths. 
CaS is didicultly soluble. 

14. Hypophosphites.— All. 

Of Group III (page 244) the following arc soluble: 

15. Sulphites. — ^Those of the alkalies, and the bisulphites of the 
alkaline earths. 

16. Carbonates. — Those of the alkalies, and the bicarbonates of 
Ca, Sr, Ba, Mg, Fe, Mn. 

17. Oxalates.— Those of the alkalies; the remainder are diflS- 
cultly soluble or insoluble. Most oxalates, however, with the ex- 
ception of Ba, Ca, and Sr oxalates, form soluble complex salts with 
alkali oxalates. 

18. lodates. — Only those of the alkalies. 

19. Borates.— Those of the alkalies. The remaining borates 
are all difficultly soluble in water, but soluble in ammonium chloride 
as a rule. 

20. Molybdates. — Only those of the alkalies. 

21. Selenites.— Those of the alkalies are readily soluble, the re- 
maining ones are difficultly soluble. 

22. Selenates. — ^All except the barium and lead salts. 

23. Tellurites. — Only those of the alkalies. 

24. Tellurates. — Only those of the alkalies. 

25. Tartrates. — ^The normal tartrates of the alkalies, and lith- 
ium and sodium bitartrates. The remaining tartrates are insolu- 
ble in water, but are usually soluble in an excess of alkali tartrate 
solution, forming complex salts. 

26. Citrates. — Only those of the alkalies are readily soluble in 
water. The insoluble citrates usually dissolve in an excess of alkali 
citrate solution. 

27. Pyrophosphates. — Only those of the alkalies. 

28. Metaphosphates. — Only those of the alkalies. 

Of Group IV (page 244) the following arc soluble: 

29. Phosphates. — Only those of the alkalies. 

30. Arsenites. — Only those of the alkalies. 

31. Arseniates. — Only those of the alkalies. 

32. Thiostilphates.— Almost all arc soluble, though the silver 
and barium salts are difficultly soluble. 

33. Chromates.— Those of the alkalies, Ca, Sr, Mg, Zn, Mn, Fe, 
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and Cu are soluble; the others are difficultly soluble or insolu- 
blc. 

34. Vanadates. — ^The orthovanadates are unstable; the pyro-, 
mcta-, and poly vanadates arc soluble in water, as a rule. The lead 
and mercurous salts are insoluble. 

35. Periodates. — All more or less soluble in water, except silver 
periodate, which is insoluble. 

Of Group V (page 244), the following are soluble: 

36. Nitrates. — All except a few basic salts. 

37. Chlorates.— All. 

38. Perchlorates. — All. 

39. Manganates and Permanganates. — ^All. 

Of Group VII (page 244), the following are soluble: 

40. Sulphates. — ^All except the Ca, Ba, Sr, and Pb salts, and a 
few basic sulphates. 

41. Fluorides. — ^Those of the alkalies, silver, and mcrcuiy; the 
remaining fluorides are difficultly soluble or insoluble in water. 

Of Group VII (page 244), the following arc soluble: * 

42. Silicates. — Only those of the alkalies. 

43. Tungstates. — Only those of the alkalies. 

Of the salte insoluble in water, all dissolve in acid {hydrochloric 
or nitric) except AgCl, AgBr, Agl, AgCN, AuCl, PtClj, BaS04, 
SrSOi, PbS04, IlgS, Prussian blue, CaFj, SnS^ (mosaic gold), SiO,, 
many silicates, fused‘PbCr04, and the strongly-ignited oxides: AI2O8, 
Cr203, Ti02, Sn02, Sb203.* Ti02, Sn02, and Sb203 can be dissolved 
by long continued boiling with concentrated hydrochloric acid. 

Of the salts insoluble in adds, the following dissolve in aqua regia: 
PtCl2, AuCl, HgS, Sb203, SnS2, and Prussian blue (after long treat- 
ment). 

The following compounds are not dissolved by aqua regia: AgCl, 
AgBr, Agl, AgCN, BaS04, SrS04, PbS04, CaF2,t fused PbCr04, 
AI2O3, (>203, native Ti02 (rutile, anatas, brookite), native Sn02 
(cassiterite, tinstone), Si02, Si, many silicates, C, carborunduin, 
and strongly-ignited iridium (rhodium, ruthenium, and osmium). 

In order to bring such substances in solution it is necessary to 
subject them to a special treatment. The process to be chosen 
depends largely upon the nature of the insoluble substance, so that 

* The oxides of antimony are changed to after long ignition in the air. 

t Calcium fluoride will be dissolv^ by the long continued action of aqua 
regia. 
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a few general tests are necessary before going farther. Very often 
the preliminary examination will have been sufficient, but it is 
always well to perform the following simple experiments: 

1. A small portion of the residue is heated on the charcoal stick 
to see whether a metallic button can be produced. 

(а) No metallic button is produced. The absence of silver^ 
lead, and tin is thereby assured. 

(б) A metallic button is formed. The button is flattened in an 
agate mortar, and its solubility in acids is tested. 

(a) The metal dissolves in nitric acid forming a clear solution, 
showing the absence of tin. A little hydrochloric acid is added to 
the nitric acid solution; a curdy precipitate is formed if the metal 
is silver, consisting of silver chloride, insoluble in water, but soluble 
in ammonia. 

If the nitric acid solution becomes turbid on the addition of 
sulphuric acid, lead is present. 

(/?) The metal does not dissolve in nitric acid forming a clear 
solution, but leaves a white, insoluble powder: rnctastannic acid. * 
A new button is treated with concentrated hydrochloric acid, when 
it will completely dissolve if silver is absent. Mercuric chloride 
produces a white precipitate of mercurous chloride in the hydro- 
chloric acid solution: tin is present. 

2. A second portion of the residue is heated in a small test-tube 
with concentrated sulphuric acid and tested to see whether the 
escaping gas renders a drop of water turbid. 

A turbidity shows the presence of an insoluble fluoride (CaF^), 

3. Still another portion of the residue is heated (with the help of 
a platinum wire) in the upper reducing flame of the gas-burner, 
allowed to cool in the inner mantle, moistened with dilute hydro- 
chloric acid, and it is noticed whether the odor of hydrogen sulphide 
is given off. It is then tested to see whether it will now impart a 
characteristic coloration to the flame. The presence of a sulphate 
is betrayed by the odor of hydrogen sulphide, and the flame test 
shows whether barium alone or a mixture of barium, calcium, and 
strontium is present. 

4. Another portion of the residue is tested in the salt of phos- 
phorus bead; silicic acid or a silicate usually gives a skeleton bead 
(cf. page 362). 

As the skeleton bead is not always obtained even when silica is 
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present, a further test for silicic acid is often necessary. For this 
purpose a small portion of the substance is mixed with a little cal- 
cium fluoride (itself free from silicate), treated with concentrated 
sulphuric acid and warmed gently on platinum. The evolution of 
a gas which causes a drop of water to become turbid shows the pres- 
ence of silicic acid. 

5. The salt of phosphorus bead is now heated in the reducing 
flame to test for the presence of titanium, which causes the bead to 
become violet. The violet color appears more quickly on the addi- 
tion of a little piece of tin-foil. If iron is present at the same time, 
as is always true in the. case of rutile, the bead is colored brownish 
red in the reducing flame. 

6. The presence of chromium is often detected by the green color 
of the residue. In the case of chromite (gray or black residue) a 
portion is fused with sodium carbonate and potassiiun nitrate in 
the platinum spiral (cf. page 88), when a yellow melt is obtained 
if chromium is present, which yields a reddish-brown precipitate 
with silver nitrate (after being di^lved in water and acidified with 
acetic acid) of silver chromate. 

7. If the residue is gray or black, it may also consist of carbon. 
A small portion is heated upon a piece of platinum-foil, when the 
mass will glow and leave a lighter-colored ash if carbon is present. 
In doubtful cases a little potassium chlorate is melted in a test-tube, 
and a little of the residue is added, when a distinct glowing or a 
little explosion will take place if carbon is present. It is necessary 
to avoid the addition of shreds of filter-paper in this test. 

8. Silicon and silicides (carborundum, etc.) arc seldom met 
with, and show the greatest stability toward the above mentioned 
reagents. By fusing with caustic alkali in a silver crucible, however, 
they are readily decomposed with evolution of hydrogen. 

After dissolving the melt in water and acidifying, gelatinous 
silicic separates out, particularly after evaporation. 

Methods for Gettino Substances into Solution which abi 
Insoluble in all Acids. 

1. Insoluble Halogen Compounds (the tilvpr compounds alons 
come into consideration) can be brought into solution by melting 
the mass, and by adding a little dilute sulphuric acid, and a piece of 
tine so that it comes in contact with both the acid and the insolu- 
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ble substance. After a while the acid is poured off ; it cqptains the 
halogen acid in the presence of zinc sulphate, and is kept for the 
subsequent acid test. The residue consists of metallic silver. It 
is washed with water, dissolved in dilute nitric acid, filtered from 
any sulphate, silicate, etc., and the solution tested for silver with 
hydrochloric acid. 

2. Insoluble Sulphates of the Alkaline Earths are brought into 
solution by fusing in a platinum crucible with 4-5 times as much 
calcined sodium carbonate, or with a mixture of equal parts of 
sodium and potassium carbonates. The finely-powdered substance 
is mixed in the crucible with the sodium carbonate, the mixture is 
covered with a thin layer of more carbonate, the crucible is covered 
and heated at first over a small flame in order to drive off the 
moisture which the carbonate always contains; after which the 
temperature is raised until the mass fuses to a thin liquid, this 
temperature being maintained for about a quarter of an hour. 
The glowing crucible is then plunged into some cold distilled water, 
and the fused mass will usually contract so that it can be readily 
loosened from the sides of the crucible. The mass is wanned with 
a little water on the water bath until it disintegrates, and no more 
hard lumps can be felt with a glass rod, when it is filtered. The 
filtrate will contain the sulphate as sodium sulphate, and the 
residue will now consist of carbonates of the alkaline earths. It 
is washed a few times with strong soda solution, then with a 
6 per cent, soda solution until no more sulphuric acid can be de- 
tected in the filtrate. It is finally washed with hot water until the 
wash-water no longer reacts alkaline (cf. page 61), dissolved in 
nitric acid, and analyzed as described on page 62. 

3. Lead Sulphate is boiled with a concentrated soda solution, 
filtered and washed first with soda sohition, and then with water. 
Calcium sulphate is also decomposed completely by boiling with 
soda solution, as is strontium sulphate (though less readily), but 
barium sulphate is only incompletely decomposed.* 

4. Silicic Acid and Silicates should be fused with sodium car- 
bonate, exactly as described on page 360. 

5. Metastannic Acid, as obtained by the oxidation of tin with 
nitric acid, is readily dissolved by boiling with a little concentrated 

* Lead sulphate dissolve readily in hot ammonium acetate solution (con- 
veniently prepared by adding acetic acid, sp. gr. 1.04, to ammonia, sp. gr. 
0.%, until the solution no longer reacts alkaline). This solution gives lead 
sulphide on adding ammonia and ammonium sulphide, lesid ciiromate oh 
ft d Hi n g potass' urn chromate solution, and lead sulphate on adding a little 
sulphur^ acid. It shows the presence of sulphuric acid by giving a precipi- 
tate with barium chloride. 




378 


COURSE OF ANALYSIS. 


hydrochloric acid, and then treating with considerable cold water 
(cf. page 218). 

Tin dioxide, as it occurs in nature (tinstone), as well as the 
strongly ignited metastannic acid, cannot be brought into solution 
in this way. One of the methods described on page 222 (usually 
the sodium carbonate and sulphur method) must be used. 

6. Insoluble Fluorides are first heated with concentrated sul- 
phuric acid, and the sulphate formed is brought into solution by the 
method described above under 2. 

7. Titanium Dioxide is fused with potassium p 3 a'osulphate in a 
platinum crucible (cf. pages 74 and 109), or with sodium carbonate, 
the melt is treated with cold water, and the residue dissolves in 
hydrochloric acid (cf. page 113). 

8. Chromitun Trioxide and Chromite arc fused with sodium 
carbonate and a little potassium nitrate (cf. page 88). 

9. The Insoluble Complex Cyanides are completely decom- 
posed by boiling ydth caustic soda in a porcelain dish. 

After boiling with the alkali, the product is diluted with water 
and filtered. The filtrate will contain the acid in the form of its 
sodium salt; and, in some cases, may also contain aluminium and 
zinc. A part of the filtrate, therefore, is acidified with acetic acid, 
saturated with ammonia, and filtered in case a precipitate of 
A1(0H)3 is formed. This filtrate is then treated with ammonium 
sulphide in order to precipitate any zinc, which may be present, as 
sulphide. 

The soluble complex cyanides are decomposed before the analy- 
sis by heating them with concentrated sulphuric acid (cf. page 103). 

Solution op the Substance. 

When a substance is dissolved, whether in water or in acids, 
phenomena are often observed which may be of great importance as 
concerns the subsequent analysis. Then the color, reaction of the 
solution towards indicators, or the evolution of gases will lead to 
important conclusions. The substance is first tested with regard 
to its solubility in water, by taking about \ gram of its fine powder, 
adding a little cold water, and noticing whether any bubbles of gas 
are given off. 

A gas is evolved when there is present: 

(a) Peroxides of the Alkalies or Alkaline Earths, which are 
partly decomposed into hydroxide and oxygen: 
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NajO,+ H,0-2Na0H+ 0; 
Ba0,+H,0=Ba(0H),+ 0. 

The escaping gas is tested for oxygen by means of a glowing 
splinter. 

In the alkaline solution (red litmus is changed to blue) some un- 
decomposed peroxide will still be found. 

The solution is diluted considerably with water, cooled, and 
carefully acidified with sulphuric acid, a few cubic centimeters of 
ether and a little potassium dichromate solution added, and the 
mixture shaken. If a peroxide is present, the upper ether layer will 
now be colored blue. A still better method for detecting the hydro- 
gen peroxide, formed by the action of the sulphuric acid upon the 
pero^dde, consists in adding a few droi)s of titanium sulphate solu- 
tion; a distinct yellow color will be noticed if only traces of hydro- 
gen peroxide are present (cf. page 111). 

(jb) Carbides of the Alkaline Earths (calciiun carbide). 

These are decomposed into acetylene (which has a peculiar odor, 
and bums with a luminous flame) and calcixun hydroxide: 

CaC,-!- 2H,0=Ca(0H),-f- C^I,. 

(c) Nitrides of the Alkaline Earths (magnesimn nitride). 

Magnesium nitride is decomposed by water into magnesium 

hydroxide and ammonia: 

Mg,N,-t- 6H0H = 3Mg(0H),+ 2NH,. 

If considerable water is added, there is no gas evolution, because 
the ammonia will be absorbed by the water; but on boiling the solu- 
tion, ammonia will be given off, which can be readily recognized 
by its odor. 

(d) Phosphides of the Alkalies and Alkaline Earths.— ^These 
are decomposed by water, setting free spontaneously-combustible 
phosphine: 

Ca,P,-|- 4H,0 = P,H 4 -|- 2Ca(0H),. 

Very small quantities of the phosphide can be recognized by the 
characteristic garlic ordor. 

(e) Manjr Chlorides, Bromides, and Iodides of the Negative 
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Elements, PCI,, PG 5 , etc., are decomposed into the halogen hydride 
and the oxygen acid of the negative element: 

PCI 5 + 4H,0 = 6HC1+ H 3 PO 4 . 

(/) A few Sulphides which are seldom met with (MgS, Al^S,, 
etc.)— These are decomposed by water with loss of hydrogen sul- 
phide, which can be detected by its odor, and by its blackening 
lead acetate paper: 

MgS+ 2HOH = Mg(OH),+ H,S. 

After any reaction caused by the first addition of water is over, 
about 10-15 c.c. more are added, then heated to boiling and allowed 
to cool. 

If the substance dissolves completely, forming a clear solution, it 
is evident that it is unnecessary to test for any insoluble bodies in 
the subsequent analysis. 

If a residue remains, it is possible that a part of the substance 
has dissolved in the water. To determine whether this is the case, 
the liquid is decanted through a filter, and a few drops are carefully 
evaporated to dryness on platinum-foil (or a watch-glass). If the foil 
id heated too hot, volatile compounds may escape unnoticed. If a 
residue remains after evaporation, it is evident that a part of the 
original substance is soluble in water. The original residue is then 
treated several times with small amounts of water, and the aqueous 
extraction thus obtained is analyzed by itself. The part remaining 
undissolved is now treated with acid; hydrocliloric acid being 
usually used (unless the preliminary examination has shown the 
presence of either lead or silver, when nitric acid should be used). . 

The solution in acid is best effected by treating the residue with 
c.c. of concentrated acid (it being noticed whether there is any 
evolution of a gas), warming, and then diluting with water, to dis- 
solve /iny chlorides insoluble in hydrochloric acid. It must be 
remembered, however, that bismuth and antimony salts form in- 
soluble basic chlorides on dilution with water, so that too much 
water should not be added. 

If a residue remains after treatment with acid, it is brought into 
solution by one of the methods described on pages 376-378. 

II. Examination fob the Metat^s (Cations). 

The different solutions are analyzed separately according to 
the table on pages 382, 383. 
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NOTES ON THE GENERAL TABLE FOR THE EXAMI- 
NATION AND SEPARATION OF THE GROUPS. 

1. Irdroduction of Hydrogen Sidphide , — ^The acid solution (usu- 
ally about 60-100 c.c. in volume) is placed in an Erlenmciycr flask 
of about 300 c.c. capacity, which is provided with a double-bored 
stopper. Through one of the holes a right-angled piece of glass 
tubing is introduced so that it just reaches the lower surface of the 
stopper, while through the other hole another right-angled glass 
tube is fixed so that it almost reaches the bottom of the flask. 
The longer tube is raised till it does not touch the liquid, and the 
solution is heated to boiling, a strong stream of water vapor coming 
out through both of the tubes. The longer tube is then connected 
with a Kipp HgS-generator by means of a rubber tube which is 
already filled with hydrogen sulphide gas. The apparatus is ar- 
ranged so that the gas from the generator passes first through a 
flask filled with water, and then through a tube filled with cotton 
(to remove any liquid which may be mechanically carried over from 
the wash-bottle). A steady stream of hydrogen sulphide is con- 
ducted through the apparatus, the flame is removed from under the 
flask, and the shorter tube is closed by means of a piece of rubber 
tubing which contains a solid glass rod. The longer tube is intro- 
duced into the liquid, the flask is shaken well for a few minutes and 
allowed to cool somewhat. The short tube is then opened, the stop- 
cock of the generator is closed, and an equal volume of cold distilled 
water is added.* The solution is again saturated with hydrogen 
sulphide, the short tube is once more closed and the contents of the 
flask well shaken for two or three minutes, after which time the pre- 
cipitation is complete and the precipitate can be immediately fil- 
tered off.f 

If the preliminary examination has shown that oxidizing sub- 
stances are pn^sent (cf. page 7) or arsenic acid, it is best to reduce 
these with sulphurous acid before treating with hydrogen sulphide. 
For this purpose, the weakly acid solution is concentrated as much 
as possible in an Erlenmeyer flask, 100 c.c. of a saturated sulphurousj 

♦ Cf. page 179: Separation of Hg, Pb, etc., from previous groups. 

t Cf. Grabe, B. B. 31, page 2981 (1898). 

t Ferric salts are not completely reduced by SO* in strongly acid solutions. 
When they are present, the solution is neutralized with ammonia until a 
permanent precipitate is formed and then the SO^ water is added. It is still 
TOtter to pass SO^ gas into the solution. 
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* these substances, HCl can also precipitate from an alkaline solution: SiO|Hs» W 04 H 2 » SbOCl, Sb^Sj, SbjSst AajSst SnSf, and othm. 

In such case, the precipitate is examined accordinc to Table IX. 

I note 2i pSS 384^ § Cf. note 3, pase 384 I Cf. Note 4, page 385. Y Cf. page 55, ft 2. 
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acid solution are added, a stopper is introduced into a flask provided 
with inlet and outlet tubes, and the solution is boiled for a quarter 
of an hour; 10 c.c. of concentrated hydrochloric acid are then 
quickly added, and the boiling is continued while carbon dioxide 
is being passed into the solution, until the excess of sulphurous acid 
is completely removed * The solution is then treated with hydro- 
gen sulphide as above described. f In this way a precipitate con- 
taining no free sulphur is formed by the hydrogen sulphide. 

2. The test for phosphoric acid at this place must never be 
omitted. As is evident from the table, it is desired to separate the 
members of Group III from those of Group IV by precipitation 
with ammonia and ammonium sulphide. If phosphoric acid is pres- 
ent in the solution (or oxalic acid) the addition of ammonia can 
cause the precipitation of calcium, strontium, barium, and magne- 
sium phosphates (or of calcium, strontium, and barium oxalates) 
with the members of Group III. 

It is, therefore, necessary to remove the phosphoric acid before 
the precipitation with ammonia and ammonium sulphide (cf. page 
330) by evaporation with tin and nitric acid. In the absence of 
chromium, the phosphoric acid may be removed by precipitation 
as basic ferric phosphate (cf. page 327). 

3. Oxali6 acid is usually detected in the preliminary examination 
by heating the substance with concentrated sulphuric acid, whereby 
inflammable carbon monoxide is produced. As, however, formatea 
and other organic substances also give off carbon monoxide on being 
treated with concentrated sulphuric acid, this test simply indicates 
that oxalic acid may be present, and is not conclusive. On the 
other hand, the carbon monoxide is often not detected in the pre- 
liminary examination; e.gr., if considerable chloride (or other salt) is 
present causing a gas to be evolved on treatment with concentrated 
sulphuric acid which does not support combustion. In such a case 
the carbon monoxide would not bum. If carbon monoxide was not 
detected in the preliminary examination, and there was no evidence 
of carbonization, the substance may be tested as follows for oxalic 
acid: A small portion of the solution is treated with sodium carbon- 

* If the SO, were not removed the following reaction would take place: 

S0, + 2IIj^*2H,0+3S. 

t If Pb, Ba, or Sr salts are present, they will be precipitated as sulphates. 
In this case the solution is filtered before treating with H,S, and the precipi- 
tate examined by itself for Ba, Sr, and Pb. 
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ate in a porcelain dish until the solution reacts strongly alkaline,, 
then boiled and filtered. The filtrate is acidified with acetic acid, 
boiled to. drive off carbon dioxide, calciiun chloride and ammonia 
are added, and the solution again acidified with acetic acid; a white 
crystalline precipitate insoluble in acetic acid shows the presence 
of oxalic acid. 

4. If carbonization and evolution of vapors with a burnt odor 
are caused by heating the original substance, the presence of non- 
volatile organic matter is assured; e.^., tartaric and citric acids, 
sugar, starch, etc. Such substances prevent the precipitation of alu- 
minium, iron, etc., by means of ammonia and ammonium sulphide 
(cf. page 72), and consequently must be destroyed by ignition. 
After ignition, the carbonates or oxides formed are extracted with hy- 
drochloric acid and filtered off. A black carbonaceous residue almost 
always remains at this point, which is washed well with water, dried, 
and the carbon completely burned away, when a residue of Al^Oj, 
Cr^Oj, FcjOj, insoluble in hydrochloric acid, often remains with 
some silica. This is examined by itself. In order to get it into 
solution, it should be fused with potassium pyrosulphate (cf. page 
74). The metals are then left in the form of soluble sulphates, 
while the silica remains undissolved, and can be tested according 
to page 375, § 4. 

TABLE VIII. 

EXAMINATION OF GROUP I. 

The precipitate produced by HCl can contain 
AgCl, HgjCl,, Pba^, (TlCl).* 

It is washed with cold water, then boiled with a little water and filtered hot. 

Residue. Solution. 


Can contain AgCl, HgsCi,, and a little PbCl, 
It is w’ashcd with boiling water until the PbClj 
is all removed, and the residue treated with am- 
monia on the hlter.t 

Residue. Soluttox. 

If considerable lead is 
present, needles of PbCl, 
separate out on cooling. 

If only a little lead is 
present, there will be no 
deposition of PbCl2. 

HgNHjCl + Hg 
(black) shows llg to 
to be present. 

Contains Ag(NHJ,Cl. 
It is acidified with 
HNOi ; a white curdy 
precipitate of AgCl 
shows Ag to be pres- 
ent. 

In all cases the 
solution is treated with 
K2Cr207 solution; a yel- 
low precipitate of PbCr04 
shows Pb to be present. 


* For the detection of thallium consult the supplement, 
t Cf . foot note to page 245 . 
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* The solution alwmya oontains aome chromium, but it does not interfere with the test for 
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TABLE XI. 

The precipitate produced by ammonia and ammonium carbonate is well 
washed with hot water, dissolved in as little dilute HNO, as possible, and 
carefully evaporated in a porcelain dish to dryness. (The residue must on 
no account be ignited.) A small portion of the dry residue is dissolved in a 
little water, filtered from threads of filter-paper, and treated with calcium 
sulphate solution. 

(а) No precipitate is formed; Ba and Sr are absent; Ca is present. 

(б) A precipitate is formed slowly; Ba is absent; Sr, and perhaps Ca, is 
present. 

(c) A precipitate is formed immediately; Ba is present, and perhaps Ca 
and Sr. 

If the calcium sulphate solution produces no precipitation, only Ca is 
present, and a further test is. unnecessary. If, however, it produces a pre- 
cipitate, the original residue must be analyzed according to one of the two 
following methods: 

A, The completely dry nitrates are treated with a few drops of absolute 
alcohol, stirred, and the alcoholic solution filtered through a iilter w^et with 
absolute alcohol into a porcelain crucible. 

Residite [BaCNOj),, Sr(N03)2, Solution [CaCNOa), 

with perhaps some Ca(N03)2]. . and traces of Sr(N03)2]. 


Two to three c.c. of absolute alcohol are poured on the resitlue, 
decanted through the filter, and the process ideated three to four 
times in order to remove all of the CaCNOa)^. The filtrate, which is 
now free from calcium, is evaporated to dryness, treated with 3 c.c. 
of concentrated llCl. evaporated asain to dryness, and the process 
repeated. The residue of dry chlorides thus obtaineil is treateil wit h 
a few drops of absolute alcohol, stirred, and decanted through a 
iilter wet with absolute alcohol. 

Kesid(;k [BaCla. with rierhaps some SrCy. Solution [SrClJ. 


The remaining SrClj is removed by de- 
canting several times with alcohol and 
the residue is tested in the flame; a yel- 
lowish-green flame shows Ba. 

The rest of the residue is dissolved in 
a little water and treated with K2Cr2(>7 
solution and sodium acetate; a yellow 
precipitate of fiaCr04 shows Ba to be 
present. 


The alcoholic solu- 
tion is evaporated to 
dryness and the resi- 
due tested in the flame. 
A carmine-roil flame 
shows Sr. 

This is confirmed 
with the spectroscope 
(cf. chart). 


The solution is 
evaporated to dry- 
ness, the residue 
ignited, moistened 
with U(.*l and test- 
ed in the flame; 
a brick-red flame 
show.s Ca. 

This is con- 
firmed with the 
socctroscope (cf. 
chart). 

The calcium may 
also be detected by 
adding one or two 
droos of sulphuric 
acid, the sulphate 
l^iiig insoluble in 
alcohoL 


B. The dry nitrates are treated with ^-1 c.c. of concentrated HNO,, 
stirred well with a glass rod, and filtered through a small asbestos filter by 
means of suction. 

Residue [Ba(N0j)2, Sr(N03)2]. Solution CaCNOj),. 


All of the CaCNOs)" is removed by washing with concentrated 
HNDs. the residue is dissolved by pouring a little water through the 
filter, evaporated to dryness, a few cubic centimeters of concentrated 
HCl added, and evaporated to dryness. This process is repeated 
twice more, in onler to convert the nit ratos completely into chlo- 
rides. The dry chlorides are treated with c.c. of concentrated 

HCl. half as much absolute alcohol is added, and the solution is 
filtered through asbestos. 

IlEsiprE: (Bads). Soli tion (SrCls). 

It is evaporated 
1 0 dryness and 
tested as under A. 

The SrCIv is all removed by washing 
with absolute alcohol and the residue is 
tested os under A. 

This is evaporated 
to dryness and tested 
as under A. 
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NOTES ON TABLE VIII. 

If the original solution shows an alkaline reaction (with phenolph- 
thalein or litmus), a precipitate may be formed on the addition of 
hydrochloric acid even when none of the metals of the first group, 
are present; in which case the precipitate must be examined by a 
special method. 

Thus a solution of water-glass gives a white, gelatinous pre- 
cipitate of silicic acid on adding hydrochloric acid, but also on the 
addition of nitric or sulphuric acid. In the same way, a solution 
of the alkali timgstates gives a white amorphous precipitate of 
timgstic acid upon the addition of acids; the precipitate becomes 
yellow on warming (cf. page 440). 

Solutions containing the sulpho salts of arsenic, antimony, and 
tin are decomposed by the addition of dilute acid, with precipitation 
of insoluble arsenic, antimony, and tin sulphides. 

The water-glass solution can be freed from its silicic acid by 
evaporation with acid, as described on page 358, and the filtrate 
analyzed in the usual way for the metals. 

In exactly the same way tungstic acid can be removed from a 
solution of an alkali tungstate. 

If sulpho salts are present, the solution is decomposed by the 
addition of a dilute acid, and the precipitate is examined according 
to Table IX, while the solution is tested for alkalies and alkaline 
earths according to Tables XI and XII. 

Only in case non-volatile organic matter is present is it neces- 
sary to test the solution for iron and aluminium. 
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EXAMINATION FOR THE NEGATIVE ELEMENTS (ANIONS). 

The tests for the acids (anions) are alwa 3 rs made after the analy- 
sis for the metals (cations), for the preliminary examination (heat- 
ing in the closed tube and with dilute and concentrated sulphuric 
acid) and the solubility, combined with the knowledge of the metals 
that are present, suffice to tell us what acids may and what acids 
cannot be present. 

In order to avoid side-reactions, the acids are first obtained in 
the form of the neutral alkali salts before proceeding to test for them. 

PREPARATION OP THE SOLUTION FOR THE ANALYSIS FOR ACIDS. 

Two cases can be distinguished: 

A. The original substance contains no heavy metal (t.c., only 
alkalies or alkaline earths are present). 

(а) The substance is soluble in water. 

The solution is tested with litmus paper to see whether it is 
acid, alkaline, or neutral. 

An Alkaline Reaction shows the possible presence of alkali cyan- 
ides, alkali nitrites,* borates, tertiary phosphates, alkali sulphides, 
sulpho salts of the alkalies, alkali silicates, etc. 

An Acid Reaction is shown by many acid salts. 

The solution is divided into two parts. If it is neutral, it is 
analyzed directly for the acids; if it is alkaline half of it is exactly 
neutralized t with acetic acid and the other half with nitric acid; 
if it is acid, it is neutralized with sodium carbonate solution. 

(б) The substance is insoluble or very difficultly soluble in 
water, but readily soluble in dilute acids. In this case only the 
acids of Groups III and IV need be tested for. 

The dry substance is boiled with a little concentrated sodium 
carbonate solution and filtered. The filtrate contains all the acids 
in the form of their sodium salts, with the exception of phosphoric 
acid, which has already been tested for in the anal 3 rsis for the 
metals. 

The solution is now neutralized with dilute nitric acid. 

(c) The substance is insoluble in water and in dilute acids. 

The following substances may be present: BaS 04 , SrS 04 ,.(CaS 04 ), 

* Entirely pure alkali nitrites are neutral. The alkaline reaction of the 
commercial salts is due to the presence of alkali oxide, or silicate. * 

t Sulphosalts, silicates, stannites, stannates, aluminates, molybdates, 
tungstates, etc., will yield precipitates at this point which must be examined 
according to Table XIXI. 
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GaF,, and silicates, which often contain H3PO4, HBOg, H3SO4, HF, 
and HCL 

The substance is fused with sodium carbonate in a platinum 
crucible, extracted with water, and the aqueous solution thus ob- 
tained is used for the analysis for acids, after being neutralized. 

If the substance is partly soluble in water and in acids, it is first 
treated with water and then with soda solution, while the residue is 
fused with sodium carbonate. The three solutions thus obtained 
are analyzed separately. 

B. The substance contains heavy metals. 

(a) It is Soluble in Water or in dilute acids, and contains no 
non-volatile organic matter (no carbonization in the closed-tube 
test). 

The solid substance is treated with sufficient concentrated soda 
solution to make the resulting solution weakly alkaline, and filtered. 
If ammonium salts are present, it is first boiled with the solution of 
sodium carbonate until the vapors from the solution no longer smell 
of ammonia, when it is filtered. 

The resulting solution is divided into two parts, one part being 
acidified with acetic acid, and the other with nitric acid. 

(b) The Substance is soluble in Water or Dilute Acids and 
Contains Non-volatile Organic Matter. — ^If metals of the ammo- 
nium sulphide and hydrogen sulphide groups are" both present, 
hydrogen sulphide is conducted into the weakly acid solution until 
it is saturated, the precipitate is filtered off, ammonia is added to 
the filtrate until it is slightly alkaline, it is filtered again, and this 
last filtrate is acidified with acetic acid and evaporated to a small 
volume. The deposited sulphur is filtered off, the solution treated 
with solid potassium carbonate, filtered if necessary, carefully acidi- 
fied with nitric acid, vigorously stirred, and if any acid potassium 
tartrate is formed, it is filtered off and t(?sted as described under 
tartaric acid. The filtrate is tested for the remaining acids. 

(c) The Substance is Insoluble in Strong Acids.— Besides the 
salts mentioned under A (c), the following may be present: AgCl, 
AgBr, Agl, AgCN, PbS04, silicates (ferro- and ferricyanides). 

If silver is present, the halogen acids must be looked for. The 
insoluble silver salt is reduced by zinc and sulphuric acid, the residue 
filtered off, and the filtrate examined according to Table XV for 
HCl, HI, HBr, and HCN. 
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If the insoluble substance contains lead, it is boiled with sodium 
carbonate solution and filtered; the filtrate is acidified with hydro- 
chloric acid, and tested with Bad, for H,S04. 

If silicates are present, H,P04, HF, HBO,, HCl, and H,S04 
must also be tested for. 

In whatever way a solution is prepared, its behavior toward 
silver nitrate and barium chloride is determined, in order to ascer- 
tain to what groups the acids present belong. 

After this is determined, the different tests for the individual 
members are made. 


TABLE XV. 

Examination op Group 1. 

HCN is first tested for, by placing a little of the solution on a watch-glass, 
adding a few drops of yellow ammonium sulphide, evaporating carefully to 
drynesi^ acidifying the dry mass with HCl, and adding a drop of FeCl. solu- 
tion. If a blood-red coloration is produced, HCN is present, in which case 
a larger portion of the neutral solution is treated with nickel sulphate so- 
lution in excess, and filtered. 

Precipitate Solution. 


Ni(CN), The solution, which is now free from hydrocyanic acid, 

Discaided. is treated with a little caustic soda solution (free from halo- 
gen), boiled, and the precipitate of Ni(OH)j filtered off. 
The filtrate is divided into two parts, one part being used 
for the HBr and HI tests and the other for the HCl test. 


Test for HCl. 


Tests for HI and HBr. 


The solution is acidified 
with dilute H2SO4, chlorine 
water is added drop by drop, 
and the solution is shaken 
with CSj or CHCl,. If the 
latt^ r is colored violet, HI is 
present. By further addi- 
tion of chlorine water, the 
( 3 Sa or CHClj is decolorized 
completely if HBr is absent, 
but turned yellowish-brown 
if HBt is present If too 
much chlorine water is used 
a wine-yeUow color is pro- 
duced. 


The solution is slightly 
acidified with HNOj, and 
precipitated by the addi- 
tion of dilute AgNO, drop 
by drop. Agl and AgBr 
arc first precipitated (ycl-. 
low). This is filtered off, 
and more AgNOj is added. 
If the precipitate still ap- 
pears vellow, it is filtered 
through a new filter, and 
AgNO. is again added to 
the filtrate until a white 
precipitate of AgCl ia 
formed if IICl is present. 


* If hydrofcrricyauic acid is present a little ferrous sulphate is also added. Hydro- 
ferrooyaiiio acid is completely precipitated by nickel sulphate. 
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Group II. 

The members of this group are almost always detected in the 
preliminary examination. The special tests for these acids are 
described on page 284 ei seq. 

Group III. 

SOj, COj, H2C2O4 are recognized in the preliminary examination. 
HPO3, H4P2O7, IIBOj, and 113041140,, are tested for separately by 
the special reactions described on page 300 et seq. 

Group IV. 

CrOj, H3PO4, and H3S2O3 are detected in the preliminary exami- 
nation, and in the analysis for metals. 

Group V. 

HClOj and HNO3 are usually detected in the preliminary exami- 
nation. Their presence is, however, always confirmed by the 
reactions described on pages 337 and 343 . 

Groups VI and VII. 

These acids are usually detected in the preliminary examination. 
Their presence is confirmed by the tests described under H3SO4, 
HF, and SiO^. 

B. THE SUBSTANCE IS A METAL OR AN ALLOY. 

The analysis of a metallic alloy is much simpler than that of a 
mixture of salts, because there arc no acids to test for. Of the 
electro-negative elements, usually only phosphonis, silicon, carbon, 
and sulphur have to be considered. 

As all metals, with the exception of gold, platinum, tin, and 
antimony, are soluble in nitric acid, alloys are usually brought into 
solution by dissolving therein, and the use of aqua regia is only 
necessary in a few cases. Many alloys rich in silicon {e,g, copper 
silicide) arc extremely difficultly soluble even in aqua regia, and are 
best brought into solution by fusing with caustic alkali in a silver 
crucible, and afterwards dissolving the melt in nitric acid. 

It is not advisable to dissolve an alloy in hydrochloric acid, for 
phosphides, carbides, silicides, sulphides, and arsenides, which are 
often present in small amounts, are evolved in the form of their 
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hydrogen compound, and thus escape detection. For the analysis 
of ordinary alloys, the following procedure is used: 

One to two grams of the alloy (best in the form of borings) are 
placed in a 200 c.c. porcelain dish under a good hood and treated 
with about 20 c.c. of nitric acid, sp. gr. 1.25-1.30 (1 vol. cone. 
HNO 3 + 1 H 3 O). After the first violent reaction is over, the 

acid is carefully evaporated (with constant stirring) almost to 
dryness, being careful to avoid overheating; * a little water is 
added and warmed. 

(a) The mass dissolves completely. The alloy contains neither 
tin nor antimony; it is analyzed according to Table XVI. 

(b) The mass docs not dissolve completely, but a white, greenish 
residue remains; it is analyzed according to Table XVII. 

C. THE SUBSTANCE IS A LIQUID. 

The color, odor, and reaction towards litmus enable one to draw 
important conclusions. 

(a) The solution reacts neutral; it contains no free acid, free 
base, acid salt, no salt which shows an acid or alkaline reaction on 
account of hydrolysis, nor any insoluble salt. 

First of all, it is determined whether there are any solid sub- 
stances dissolved in the liquid by evaporating a small portion to 
dryness at as low a temperature as possible (so as not to lose any 
volatile substances). If a residue remains, it is examined according 
to A, page 365. 

(b) The solution reacts alkaline. An alkaline reaction may be 
due to the presence of hydroxides of the alkalies or alkaline earths, 
peroxides, carbonates, borates, cyanides, silicates, sulphides (zin- 
cates, aluminates, molybdates, tungstates) of the alkalies, or am- 
monia. 

If the solution, for example, contains hydroxides or car- 
bonates of the alkalies, it is evident that substances which 
are precipitated by them cannot be present at the same time, 
except, in some cases, in the form of complex ions (cyanides), 
tartrates, etc. 

The solution is at once tested for peroxides, hydroxides, and 
carbonates, as well as for the sulphides of the alkalies. 

To test for peroxides (H^O^) a small portion of the solution is 
warmed with a few drops of cobalt nitrate solution, a black precipi- 

♦ Otherwise insoluble basic sidts are Ikoly to le formed. If this be the 
case, as is often shown by the dark color of the residue, a little cone. HNP, 
is added, the liquid is warmed gently- and then diluted with water. 
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* If neither iron nor aluminium were present in the alloy, this filtrate is tested for phosphoric acid. It is evi^rarated to a small 
tereJ from deposited sulphur if necessary, and tested with ammonium molybdate. 
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tate shows the presence of HjO,.* Or the solution can be tested by 
adding some titanium sulphate solution and acidifying carefully 
with cold dilute sulphuric acid; a yellow coloration shows the pres- 
ence of HjOj-t 

A still more sensitive reagent, according to Schone (B. B. 7.1696), 
is a very dilute solution of FeCl 3 + K 3 Fe(CN)(,. If the slightest trace 
of HjOj is present in the solution, the red solution becomes greenish, 
and after a time Prussian blue separates out. 

In order to detect the presence of hydroxides and carbonates in 
the presence of HjO,, a portion of the solution is boiled for a long 
time in a porcelain dish in order to destroy the peroxide, when 
barium chloride is added until no more precipitate is formed. If 
the solution then shows an alkaline reaction, the presence of hydrox- 
ides } is assured. If the precipitate produced by barium chloride 
dissolves in acid with effervescence, and the gas evolved renders 
barium hydroxide solution turbid, carbonates are present. If the 
solution smells of ammonia, a small portion is evaporated to dryness 
in order to sec whether other compounds are present, and the residue 
is examined according to A, page 365. 

(c) The solution reacts acid; it can then contain substances 
which arc soluble in water and in acids, as well as free acids. A 
small portion is evaporated to dryness in order to see whether any 
non-volatile matter is present. If no residue is obtained, the solu- 
tion is neutralized with soda and tested for acids. If a residue is 
obtained, it is examined according to A, page 365. 

D. The substance to he analyzed is a gas. 

This case will bo considered in Volume II under Gas Analysis. 

* If the alkaline solution contains hydrochloritcs or sulphides, these will 
also give a black precipitate with cobalt nitrate; the above reaction serves 
only to detect H2O2 in the absence of hypochlorites or sulphides If the 
latter bodies are present, HjO, cannot be present, because hypochlorites 
are reduced to chlorides and sulphides oxidized to sulphates by H^O). 

The presence of hypochlorites is usually detected by the odor; by acidi- 
fying with dilute H^SOi, chlorine can be smelled. Sulphides give off HjS on 
being acidified. Hypochlorites and sulphides cannot exist together in the 
same solution. 

t H2O2 can also be detected by the chromic acid reaction, but this test 
is less certain than that with titanium sulphate. 

X Either as such in the original solution or by hydrolysis of peroxides. 
This test for OH ions in the presence of carbonates has been used for years 
by the author. It is reliable, though care must be taken to add an excess 
of Bad:,, as otherwise an alkaline reaction may bo due to BaCOa, ^hich is 
more soluble in water than in BaCl, solution. 
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EEACnONS OF SOME OF THE RAEEB 
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In the treatment of the rare metals, the same method and order 
will be used as with common metals. 

THE ALKALI GROUP. 

CiESIUM, RUBIDIUM, LITHIUM. 

CjeSIUM, Cs. At. Wt. 132.9. 

Occurrence . — Caesium and rubidium are not rare elements,, 
strictly speaking, for they are found almost eveiywhere, but always 
only in very small amounts. Thus caesium replaces potassium in 
many feldspars and micas, and is found in many rocks which 
carry these minerals, as well as in mineral waters which ooze from 
them. Caesium and rubidium were discovered in the mother liquor 
of Durkheimer brine in the year 1860 by Bunsen and Kirchoff by 
means of the spectroscope. 

PoUucite, a mineral closely related to Icucite, found at Elba, 
and crystallizing in the regular system, is a typical caesium mineral. 
Its composition is [Si 03 ]gAl 4 Cs 4 H 3 . 

Caesium and rubidium in all their reactions behaive almost exactly 
like potassium. The principal difference between these three metals 
lies in the different solubilities of their corresponding salts, as will 
be seen by the table given on page 410. 

BEACrriONS IN THE WET WAY. 

A solution of caesium chloride should be used. 

1. H 2 ptCle produces a yellow crystalline precipitate which is of 
a brighter color than the corresponding potassium salt and is much 
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more insoluble; 100 parts of water dissolve at 0° C. only 0.024 
part and at 100” C. 0.377 part of the salt. 

2. Tartaric Acid produces, as with potassium and rubidium, a 
white, crystalline precipitate, CsHC 4 H 40 (; 100 parts of water dis- 
solve at 25° C. 9.7 parts, and at 100° 97.1 parts of the salt. 

3. HjSnClf (a solution of SnCli in concentrated HCl) produces 
in concentrated solutions a white, crystalline precipitate of C8,SnCl, 
(octahedrons). Ammonium salts give the same reaction, but potas- 
sium and rubidium salts do not. 

B£ACnOMS IN THE DBT WAT. 

Caesium compounds color the flame reddish violet, very nimilar 
to the potassium flame. 

Spedrum. — A number of lines in the orange, yellow, and green, 
and two particularly bright lines in the blue, one of which almost 
coincides with the blue strontium line. See chart. 

RUBIDIUM, Rb. At. Wt. 85.5. 

Occurrence. — ^Rubidium almost always auscompanies caRsinm 
and is found in many mineral waters; in camallite from Stass- 
furt; in lepidolite, SijO,Alj(Li,K,Na),(F,OHi) * ; in triphylite, 
P 04 (FeMn)(LiCsRb); and in spodumene, (SiO,),Al(LiNa), a 
mineral of the pyroxene group. As far as the author knows, 
there is no typical rubidium imneral. 

REACTIONS IN THE WET WAY. 

1. H,PtC4 produces, as with caesium and potassium salts, a 
white, crystalline precipitate of Rb^PtCI,, which is more difficultly 
soluble than the corresponding potassium salt, but more soluble 
than the caesium salt; 100 parts of water dissolve at 0° G. 0.134 
part, and at 100° 0.634 part of the salt. 

2. H,SnCl« produces a white precipitate only in very concen- 
trated solutions. The salt is much more soluble than the corre- 
sponding caetium sadt, but this reaction is not suitable for separating 
the two metads. 

3. Taurtaric Acid produces a precipitate of RbHC 4 H 40 « only in 
concentrated solutions; 100 parts of water dissolve at 25° C. 1.18 

* Lepidolite from Rozena contains about 0.54 per cent. Rb and 0.0014 
percent. Ce. 
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partSi and at 100^ C. 94.1 parts of the salt. The corresponding 
esdum salt is more soluble^ while that of potassium is less soluble. 

REACTIONS IN THE DRY WAY. 

Flame Coloration , — Similar to caesium. 

Spectrum . — Besides several lines in the red part of the spectrum, 
the rubidium dame is characterized by two bright lines in the ultra- 
violet. 


LlxmUM, Li. At. Wt. 7.03. 

Occurrence , — Lithium is found to a greater extent in nature than 
caesium and rubidium; in triphylite, P04(FcMn)(Li,Cs,Rb) ; in peta- 
lite, Si40ioAl(Li,Na,H), a mineral of the feldspar group (also called 
castorite); in amblygonite, Li(AlF)P04, monoclinic; in lepidolite, 
Si,08Al3(Li,K,Na)3(F,0H)2; in many varieties of turmaline, and 
muscovite, in epidote and orthoclase, and consequently in many 
mineral-spring waters. In some cases as much as 36 milligrams are 
contained in a liter of spring water. 

Lithium is the lightest of all metals, and floats on petroleum. It 
oxidizes quickly in the air, and decomposes water at ordinary tem- 
peratures, forming LiOH, which dissolves slowly in the water; the 
solution reacts alkaline and absorbs carbon dioxide from the air with 
avidity, forming difficultly soluble LijCOj. 

Lithium chloride is soluble, even in the anhydrous state, in a 
mixture of alcohol and ether as well as in amyl . alcohol (difference 
from the remaining metals of this group). 

REACTIONS IN THE WET WAY. 

A solution of lithium chloride should be used. 

1. HjPtCl^ producers no precipitation. 

2. Tartaric Acid produces no precipitation. 

3. NajHPOl produces from moderately concentrated solutions 
a white precipitate of tertiary lithium phosphate on boiling. The 
precipitation is only quantitative when the solution is made alka- 
line with caustic soda, evaporated to dryness, and taken up in water 
cimtaining ammonia: 

Na,HP04+ 3IiCl+ NaOH=3NaCl+ LijPO^+HjO. 
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Lithium phosphate is fusible (difference from magnesium and 
the alkaline earths). 

4. (NH 4 ) 2 C 03 . If ammonium carbonate and ammemia are 
added to a concentrated lithium solution, lithium carbonate is pre- 
cipitated in the fonn of a white powder. The salt, contrary to the 
other alkali carbonates, is very difficultly soluble in water: 100 parts 
of water dissolve at 13° C. 1.31 parts of LijCOj. In the presence* 
of considerable alkali chloride or of ammonium chloride, no precipi- 
tation takes place. 

HEACTIONS IN THE DRY WAY. 

Flame Coloration . — Pure lithium salts impart a magnificent 
carmine-red coloration to the gas-flame. If considerable amounts 
of sodium salts are present at the same time, the lithium flame is 
completely masked; but if the flame is observed through cobalt 
glass the red color becomes distinctly visible. 

Spectrum . — ^An intensive red line, which is nearer to the sodium 
line than is the red potassium line. See chart of spectra. 

SUMMARY OF THE ALKALI METALS. 


Potassium. 


At.Wt 

Meltinff-point .... 
Solubility of the 
X 2 PtClo com- 
pound in al- 
cohol 

Solubili^ of the 
XaPtcl® com- 
pound in 
water: 

100 parts of 
water at 20^0. * 

dissolve 

100 parts of 
water at 
100® C. dis- 
solve . . .* 

Solubility of] 
acid tartrates: 
100 parts water 
dissolve— r 
at 10® C. 
at 25® C. 
Solubility of al- 
ums- 

100 parts water • 
dissolve at 

17® C 

Solubility of the 
chlorides in 
alcohol-other. 
Solubility of the 
carbonates in 
absolute alco- 
hol 


insoluble 


insoluble 


39.15 
62.5® C. 


insoluble 


considerable considerable 


considerable considerable 


considerable considerable 


insoluble 


85.4 
38.5® C. 

insoluble 


insoluble 


insoluble insoluble 


133. 

26-27® C. 
insoluble 
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DETECTION OF LITHIUM, RUBIDIUM, AND CAESIUM 
IN THE PRESENCE OF CONSIDERABLE SODIUM 
AND POTASSIUM. 

The solution containing the metals as chlorides is evaporated 
almost to dryness, treated with 90 per cent, alcohol (which is well 
rubbed into the residue) and filtered. The alcoholic solution con- 
tains ail of the Li, Rb, and Cs, with small amounts of K and N.a. It 
is again evaporated almost to dryness and once more extracted with 
alcohol.* This alcoholic solution is now evaporated to dryness, 
the residue treated with concentrated hydrochloric acid,t again 
evaporated, gently ignited over the free flame, and, after cooling, 
the residue is rubbed with ether-alcohol mixture by means of a 
glass rod, after which the solution is filtered through a filt(^r that 
is moistened with the ether-alcohol mixture. Th(5 filtrate which 
contains the lithium is evaporated to dryness and then tested for 
lithium by means of the flame reaction, and in the spectroscope. 

The residue insoluble in alcohol-ether is dissolved in a little 
water, precipitated with hydrochlorplatinic acid and filtered. The 
precipitate is repeatedly treated with boiling water in a porcelain 
dish, decanting off the liquid each time through the filter. 

First of all, the potassium salt dissolves in the hot water, form- 
ing a yellow solution. The treatment with hot water is continued 
until the residue is of a bright-yellow color. It is then dried, placed 
in a porcelain boat, and heated in a glass tube made of difficultly 
fusible glass in a stream of dry hydrogen, whereby the alkali chlor- 
platinates arc reduced to chloride and platinum: 

X,PtCle+ 4H=4HC1+ 2XC1+ Pt. 

After cooling, the residue is treated with a little water, the plati- 
num filtered off, and the solution is evaporated to dryness and tested 
in the spectroscope for Cs and Rb. 


* If only traces of the rare alkalies are present, the residue must be ex- 
tracted several times with alcohol. 

t This is done in order to change LiOH into LiCl Some of the former 
is formed by evaporating the solution, and it is insoluble in alcohol-ether. 
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In order to detect lithium, caesium, and rubidium in a silicate 
undecomposable by acids (lepidolite, for example) the finely-pow- 
dered mineral is decomposed with hydrofluoric and sulphuric acids 
as described on page 361, the sulphates changed to chlorides by the 
addition of barium chloride, and the solution freed from other 
metals as described on page 52 in the case of magnesium, after 
which the above separation is made. 

METALS OF THE (NH^^S GROUP. 

BERYLLIUM, ZIRCONIUM, THORIUM, YTTRIUM, ERBIUM 

CERIUM, LANTHANUM, DIDYMIUM, TANTALUM, NIOBIUM. 

Beryllium, Be. At. Wt. 9.1. 

Occurrence. — Chrysoberyl,(A 102 ) 2 Be; phenacitc, Si 04 Be 2 ; beryl, 
SieOigAl^Bej,* euclase, SiOgAlBcH; meliphanite, SigOi^FBejCa^Na; 
and leucophanitc, SijOeFBeCaNa. 

Beryllium is a bivalent metal, and forms a white oxide, BeO, 
which is soluble in acids. Beryllium salts react acid in aqueous solu- 
tion and possess a sweetish, astringent taste. Frequently the ele- 
ment is called Glucinum, Gl. 

REACTIONS IN THE WET WAY. 

A solution of BCSO 4 -41120 should be used. 

1 . Ammonia and Ammonium Sulphide produce a white pre- 
cipitate of Be( 0 II) 2 , similar in appearance to Al(OH)g, insoluble in 
an excess of the precipitant, but readily soluble in HGl, forming a 
colorless solution. The yellow color often obtained in dissolving the 
hydroxide in hydrochloric acid is due to traces of ferric chloride.* 

2. KOH precipitates white, gelatinous beryllium hydroxide, 
readily soluble in an excess of the reagent, forming potassium beryl- 
late: 

Be(0H)2 +2K0H ?i± Be(0K)2 +2H20.t 

\ 

The alkali bcryllates are decomposed hydrolytically on boiling 
their dilute aqueous solutions, all of the beryllium being precipi- 


* llaber and v. Ordt, Zeitschr. f. anorgan. Chem., 38 (1904), p. 382. 
t- According to Hantzsch, the beryllium hydroxide is present in solution 
in a colloidal condition as in the case of zinc (see page 130). 
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tated as hydroxide. The precipitate thus obtained is, according to 
Haber and v. Ordt, much denser than that thrown down by am* 
monia, and differs from the latter by being insoluble in potassium 
carbonate and difficultly soluble in ammonium carbonate solutions; 
it is also much more difficultly soluble in dilute acids. A solution 
containing a considerable excess of potassium alkali hydroxide is 
not precipitated by boiling. 

3 . Ammonium Carbonate produces a white precipitate of beryl- 
lium carbonate, readily soluble in an excess of the reagent (difference 
from aluminium); by boiling the solution, the beryllium is pre- 
cipitated as white basic carbonate. This property enables us to 
separate beryllium from iron and aluminium. The separation is 
not sharp, however, which can also be said of the separation by 
means of caustic potash.* 

4 . BaCOa precipitates beryllium completely in the cold as 
hydroxide. 

5 . Oxalic Acid and Ammonium Oxalate cause no precipitation 
(difference from thorium, zirconium, erbium, yttrium, cerium, 
lanthanum, and didymium). 

6. K2SO4 gives with beryllium sulphate a beautifully-crystalline 

SO4— K 

double salt, >Be -f 2H2O, which is soluble in a concentrated 
SO4— K 

solution of K2SO4 (difference from Ce, La, and Di). 

7 . BeClz is Soluble in a mixture of equal volumes of saturated 
aqueous and ethereal hydrochloric acid, while the hydrous alumin. 
ium chloride is not (good method for separating He and Al).t 

There are no characteristic dry reactions for beryllium. 

Zirconium, Zr. At. Wt. 90 . 6 . 

Occurrence. — Zircon, Zr 02 ,Si 02 , tetragonal, isomorphous with 
rutile, Ti204, thorite (orangite), Th02,Si02, cassiterite, Sn204^ 
polianite, Mn204, and plattnerite, Pb204; baddeleyite, Zr02, mono- 
clinic. 

Zirconium forms two oxides: Zirconium dioxide, Zr 02 , and 
zirconium pentoxide, Zr 206 . The former is the more important 

* In order to make a quantitative separation, the beryllium hydroxide or 
carbonate must be redissolved and the precipitation repeated several times. 

t F. S. Havens, Zeitschr. f. anorg. Ch., 18 (1898), p. 147. 
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and can be dissolved by heating for a long time with a mixture of 
two parts of concentrated H 2 SO 4 and one part of water and after- 
wards diluting. The mineral zircon, ZrSi 04 , cannot be decom- 
posed by such treatment. It must be finely pulverized and fused 
with four times as much sodium carbonate at a high heat in a 
platinum crucible; sodium silicate, Na 4 Si 04 , and sodium zirconate, 
Na 4 Zr 04 , are formed. On treating the melt with water, the former 
salt dissolves, while the latter is decomposed hydrolytically, form- 
ing sodium hydroxide and sandy, insoluble zirconium hydroxide; 
the latter retains some of the caustic soda very persistently. After 
washing the residue, it is heated without previous drying with con- 
centrated sulphuric acid at a temperature just near boiling-point, 
and in this way the anhydrous sulphate Zr(S 04)2 is obtained. By 
pouring water over the latter the salt Zr ( 804)2 *41120 is formed, 
which dissolves slowly in cold water, but more readily in hot water, 
forming a solution with an acid reaction. 

BEACnONS IN THE WET WAT. 

A solution of zirconium nitrate or a freshly-prepared one of 
zirconium oxychloride may be used for the following reactions; 

1. NH4OH and (NH4)2S produce a white gelatinous precipitate 
of Zr( 0 H) 4 , insoluble in an excess of reagent. 

2. KOH and ITaOH likewise produce the same precipitate 
insoluble in an excess of reagent (difference from A 1 and Be). When 
the zirconium hydroxide is produced in the cold it is readily soluble 
in dilute acids; but when thrown down from a boiling solution it 
is very difficultly soluble in dilute acids, though it will dissolve 
ev^ then in concentrated acids without difficulty. 

3. (NH 4 ) 2 C 03 produces a white, flocculent precipitate of basic 
carbonate, readily soluble in an excess of the reagent, but reprecipi- 
tated by boiling. 

4. E 2 CO 3 and Na 2 C 03 produce white precipitates somewhat ' 
soluble in an excess, but reprecipitated by ammonia. 

5. BaCOs causes incomplete precipitation, even on boiling. 

6 . Oxalic Add gives a white, flocculent precipitate of zirconium 
oxalate, readily soluble in an excess of oxalic acid, difficultly soluble 
in dilute hydrochloric acid, and readily soluble in ammonium oxa- 
late. From the solution in (NH 4 ) 2 C 204 the zirconium is not pre- 
cipitated by the addition of dilute HCl (difference from Th). 
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7. Ammonium Oxalate bchavcws the same as oxalic acid. 

From the solution in ammonium oxalate zirconium is not pre- 
cipitated on the addition of hydrochloric acid (difference from’ 
thorium). 

Remark. — A solution of zirconium sulphate behaves quite differ- 
ently from that of the nitrate and oxychloride towards oxalic acid 
and ammonium oxalate, a fact which, although published by Ber- 
zelius and also by Pfaff, had been entirely forgotten by most chem- 
ists until their attention was recently called to it by R. Ruer.* 

On treating an aqueous solution of zirconium sulphate with 
oxalic acid or ammonium oxalate there Ls no precipitation; in 
fact, precipitation will not take place from nitrate or chloride solu- 
tions when these contain sufficient sulphuric acid, sodium or am- 
monium sulphate. 

The cause of this different behavior lies in the fact that zirconium 
forms complex compounds with sulphuric acid and alkali sulphates. 
Thus the solution of zirconium sulphate contains the acid 
H2[Zr0(S04)2], and on treating a solution of the oxychloride or 
nitrate with sodium or ammonium sulphate (but not the potassium 
salt) the sodium or ammonium salt of this complex acid is formed: 

Zr0Cl2+2Na2S04«2NaCl+Na2[Zr0(S04)2]. 

These compounds, however, are electrolytically dissociated in 
aqueous solution as follows: 

H2[Zr0(S04)] ?=> H- +H* + [Zr0(S04)2]". 

As the zirconium is present in the anion it cannot react with 
oxalic acid. 

8. HF causes no precipitation (difference from Th and Y). 

9 . K2SO4.— A concentrated, cold solution of K2SO4 precipitates 
little by little all of the zirconium as zirconium potassium sulphate, 
insoluble in an excess of the reagent (difference from A1 and Be). 
The precipitate, when produced in the cold, dissolves readily in con- 
siderable dilute HCl. If it is produced from a boiling solution, 
basic zirconium sulphate is formed by hydrolysis, which is quite 
insoluble in dilute HCl (difference from Th and Ce). 

10. Na2S04 produces no precipitation, even on boiling the solu- 
tion, which is slightly acid with sulphuric acid (difference from Ti). 


*Zeitschr. f. anorg.Ch.,, 42 (1904), p. 85. 
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11. H 2 O 2 precipitates white, voluminous zirconium peroxide, 
Zr 206 , from slightly-acid solutions, which evolves chlorine on being 
warmed with concentrated HCl. 

12. Na 2 S 203 precipitates zirconium completely as the hydrox- 
ide, the precipitate being always contaminated with sulphur, 

13. Turmeric Paper, after being moistened with the hydrochloric 
acid solution of a zirconium salt and dried, is colored reddish-brown 
(difference from Th). 

14. HCl. Ruer* recommends the following reaction for the 
identification of zirconium. Zirconium is precipitated in the cold 
by ammonia, filtered, washed, and separated from the filter, as 
completely as possible. It is dissolved in hydrochloric acid (or if 
the precipitate is small in amount the paper and precipitate are 
treated together with not-too-strong HCl and filtered). The 
hydrochloric acid solution is evaporated to dryness on the water- 
bath and the residue taken up in a little water. To the cold, sat- 
urated solution hydrochloric acid is added drop by drop, when the 
presence of zirconium will be evident by the formation of a volumi- 
nous precipitate of zirconium oxychloride. The precipitate is re- 
dissolved by heating the solution, and the liquid is allowed to cool. 
After some time fine, silky needles of Zr0Cl2*8H20 will precipitate. 

In the somewhat unusual case that zirconium is present in the 
form of the insoluble meta-zirconium acid, the latter is transformed 
into zirconium sulphate by heating with concci\trated sulphuric 
acid (2:1), this is dissolved in water, the zirconium precipitated 
by ammonia, and the above process carried out. 

REACTIONS IN THE DRY WAY. 

Zr 02 is infusible in the oxyhydrogen flame (difference from the 
other earths) , but glows brightly. 

THORIUM, Th. At. Wt. 232.6. 

Occurrence , — ^Thorite (orangite), ThSi 04 , with 50-58 per cent. 
Th02; thorianite, a mineral recently discovered in Ceylon, with 
72-76 per cent. Th02 and 11-12 per cent. U02;t gadolmite, 
Si 04 Be(Y,Ce,La,Di,Th, 0 ) 2 Fe; monazite, P 04 (Ce,La,I)i,Th), with 

* Zeitschr. f. anorg. Oh., 42 (1904), p. 85. 
t Chem.-Ztg. Hop. 1905, p. 91. 
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2-8 per cent. Th02; and in the rare niobates, samarskite, 
chlore, euxenite, etc. Thorite, monazite, and gadolinite are decom- 
posed by acids, preferably sulphuric acid. 

HEACTIONS IN THE WET WAY, 

A solution of Th(S04)2 should be used. 

1 . (NH4)0H, (NH4)2S, or KOH produces a white precipitate of 
Th(OH)4, insoluble in an excess of the reagent, but readily soluble 
in dilute acids. By igniting the hydroxide, Th02 is obtained, which 
is only soluble in concentrated sulphuric acid after long digestion. 

2 . K,CO, or Na2C03 precipitates the white carbonate, soluble in 
an excess of the reagent, and is not reprecipitated by the addition of 
ammonia. On boiling, the solution becomes turbid, but clears again 
on cooling. 

3 . (NH2)C03 precipitates the white carbonate, readily soluble in 
an excess; on warming to 50 ® a basic carbonate is precipitated, 
which redissolves on cooling the solution. Ammonia causes no pre- 
cipitation in this solution. 

4. BaCO, completely precipitates thorium salts in the cold. 

5 . K2SO4 precipitates Th(S04)4K44-2H20, difficultly soluble in 
water and insoluble in concentrated K2SO4 solution (difference 
from Y). The corresponding sodium compound is readily soluble 
in water. 

6. Oxalic Acid precipitates, from solutions which are not toe 
acid, all of the thorium as white, crystalline oxalate, practically in- 
soluble in oxalic and dilute mineral acids. 

7. Ammonium Oxalate likewise precipitates thorium oxalate^ 
which dissolves on boiling with a large excess of this reagent. The 
solution remains clear after cooling, provided the original solution 
did not contain too much free sulphuric acid, and enough ammo- 
nium oxalate was used. From the boiling solution of the ammo- 
nium double oxalate, HCl precipitates practically all of the 
thorium as oxalate (difference from Zr). 

In the presence of ammonium acetate, ammonium oxalate pro- 
duces no precipitation; but by the addition of HCl almost all of the 
thorium will be precipitated as oxalate. 

8. HF produces a white, gelatinous precipitate, which soon 
changes to a heavy powder. KF causes the same reaction. 
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9. precipitates all of the thorium on boiling. 

There are no characteristic dry reactiom, 

THE GADOLINITE METALS. 

Yttrium, Y (At. Wt. 89), and Erbium,* Er (At. Wt. 166). 

Occurrence , — ^Yttrium is an important constituent of gadolinite, 
Si04Be(Y,C9,La,Di,Th,Er,0)2Fe, and of yttrotantalite, (Nb,Ta)04Y, 
an isomorphous mixture of yttrium tantalate and yttrium niobatei 
The two elements Y and Er are also found in cerite, thorite, and 
monazite. 

REACTIONS IN THE WET WAY. 

A solution of Y(N03)3 and one of Er(N0g)3 should be used. 

Yttrium. Erbium. 

1. NH4OH and (NH4)2S pre- Behaves like yttrium, 
cipitate the white hydroxide, 

insoluble in an excess. 

2. KOH and NaOH precipi- Behaves like 3rttrium. 
tate the white hydroxide, insol- 
uble in an excess; the presence 

of tartaric acid does not prevent 
precipitation; but in this case 
yttrium tartrate is precipitated 
(difference from Al, Be, Th, and 
Zr). On igniting the precipi- 
tate, the oxide is obtained, 
which is readily soluble in acids. 

" 3. (NH4)3C03 produces a Behaves like yttrium, ex- 

white precipitate of the carbo- cept that the solution does not 
nate, readily soluble in an ex- l:)ccome turbid on standing, 
cess of the reagent; after stand- 
ing some time the solution be- 
comes turbid, owing to the dep- 
osition of a double salt, 

Y2(C03)3-2(NH4)2C03-2H20. 

* Erbium is not an element itself, but consists of at least three elements — 
holium, thulium, and dysprosium. The separation of these elements is ex- 
ceedingly difficult; BO we will consider simply the reactions of the mixture. 
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Yttrium. 

4. K,CO, and Na^CO, pre- 
cipitate the white carbonate, 
readily soluble in excess; after 
standing some time an insoluble 
double salt separates out. 

5. BaCOg does not precipi- 
tate yttrium in the cold, and 
only incompletely on warming. 

6 . Oxalic acid precipitates 
white yttrium oxalate, insolu- 
ble in an excess, difficultly solu- 
ble in HCl, and perceptibly solu- 
ble in ammonium oxalate. 

7. K,S04 forms a double 
salt which is soluble in K 2 SO 4 
solution (difference from Zr, Th, 
Ce, La, and Di). 

8. HF produces white amor- 
phous YFj, which becomes pul- 
verulent on warming, and is in- 
soluble in water and in HF 
(difference from Al, Be, Ur, and 
Ti). 

Yttrium solutions do not 
give an absorption spectrum. 


REACTIONS IN 

Yttrium oxide is strongly 
luminous on being heated; oth- 
erwise there is no reaction. . 


Erbium. 

Behaves like yttrium, only 
the solution does not become 
turbid on standing. 

Erbium is not precipitated 
at all, even on warming. 

In erbium solutions, oxalic 
acid produces a light-red, pul- 
verulent precipitate; otherwise 
the reaction is the same as with 
yttrium. 

Behaves like yttrium. 


Erbium solutions give a 
characteristic absorption spec- 
trum. 

HE DRY WAY. 

Erbium oxide, on being 
heated on a platinum wire, 
colors the flame distinctly green. 
If the light is viewed through a 
spectroscope, a number of bright 
lines will be seen in the dark 
green which coincide with the 
dark lines obtained in the 
absorption spectrum. 
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THE CERITE METALS. 

CERIUM, Oe. At. Wi 140.3. LANTHANUM, Ia At. Wt. 138.9. 

T.Tr»vMTTTM j PRASEODYMIUM, Pr. At. Wt. 140.6. 

DIDYMIUM \ neodymium, Nd. At. Wt. 143.6. 

Occurrence.— These three metals are important constituents 
of cerite, (SiOj),(Ce,Al),Caj(OH)4, and of orthite (allanite), 
(Si04)gCe,Ca4(0H)„ besides being usually foimd associated with 
the gadohnite earths in gadolinite, etc. 

CERIUM. 

Cerium forms two oxides, Ce^O, and GeO,; both are basic an- 
hydrides, from which salts are derived. The cerous salts are white, 
while the ceric salts are orange red. 

REACTIONS IN THE WET WAY. 

1 . Cerous Salts. 

A solution of cerous nitrate, Ce(NOj)„ should be used. 

1 . ]!fH40H and (IfH4)2S each produce a w:hite precipitate of 
Ce(OH)„ insoluble in an excess of the reagent, but readily soluble 
in acids. In the presence of tartaric and citric acids, etc., the above 
reagents cause no precipitation (difference from Y). 

2 . NaOH or KOH also precipitate white Cc(OH)„ even in the 
presence of tartaric acid, etc. The white Ce(OH)j becomes yellow 
gradually on standing in the air, on account of beinjg oxidized to 
Ce(OH)4. 

3 . K,CO, and ( NH4)2C0, each produce a white precipitate insol- 
uble in an excess of the reagent. 

4 . Oxalic Acid or Ammonium Oxalate precipitate white cerous 
oxalate, insoluble in an excess of the reagent, and in dilute mineral 
acids. On ignition, white, insoluble CeO, is formed.f If the oxa- 
late is contaminated with praseodymium oxalate, a cinnamon- 

* Only when the cerous oxalate is pure. If it contains traces of prase- 
odymium, the CeO, is obtain^ as a bri^t-yellow powder. 
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colored oxide is obtained, which is completely soluble in dilute 
acids. 

6. BaCO, slowly precipitates all of the cerium in the cold, 

6. K2SO4 produces a white, crystalline precipitate of the double 
salt 062(804)3* 3K2SO4, difficultly soluble in cold water, but readily 
soluble in hot water. It is insoluble in a saturated solution of 
K2SO4 (difference from Y and Er). 

2. Ceric Salts. 

A solution of either ceric nitrate, Ce(N03)4, or of ceric ammonium 
nitrate, Ce(N03)4-2NH4N0s+H20, should be used. 

The beautiful orange-red color of these solutions is characteristic 
of all ceric salts, as is also their tendency to form difficultly soluble 
basic salts. 

Preparation of Ceric Compounds . — ^As has been already stated, 
cerous hydroxide on standing in the air gradually changes to yellow, 
on account of the formation of ceric hydroxide. This oxidation 
takes place immediately on the addition of chlorine or hypochlo- 
rites. If the solution of a cerous salt is treated with caustic potash 
solution and chlorine is conducted into it, the white cerous hydroxide 
which was at first formcnl is quickly changed to light-yellow ceric 
hydroxide. The latter compound dissolves in dilute acids, forming 
orange solutions. It dissolves in concentrated hydrochloric acid 
with evolution of chlorine, forming cerous chloride. If white cerous 
hydroxide is heated in the air, it loses water and is changed into 
CeOj, which is almost white when cold, dark orange when hot, and 
is almost entirely insoluble in concentrated hydrochloric and nitric 
acids. In the presence of reducing substances (such as KI, FeS04, 
etc.) it dissolves in acids, forming cerous salts: 

2 Ce 02 + 8 HC 1 + 2 KI = 2 KC 1 +4H2O -fig + 2 CeCl 3 . . 

CeOj also dissolves in concentrated sulphuric acid with evolution 
of oxygen and formation of cerous sulphate. It can also be readily 
brought into solution by fusing with potassium pyrosulphate and 
dissolving the melt in considerable hot water to which a little acid 
is added. 

If a mixture of cerous and praseodymium hydroxides is ignited 
in the air, a cinnamon-colored mass is obtained, which contains all 
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of the cerium as dioxide and is readily solute in dilute acids, form- 
ing ceric salts. If concentrated HCl is used, there is an evolution 
of chlorine, the ceric salt being reduced to cerous chloride. Con- 
centrated nitric acid dissolves it, forming cerous and ceric salts; a 
distinct evolution of oxygen can always be detected. 

The reason why the brown mass containing a little praseody- 
mium dissolves although the pure oxide does not, is probably the 
following: CeO^, like MnOj and PbO^ (see pages 115 and 158), plays 
the part of an acid anhydride, so that the brown mass contains the 
praseodymium as the salt of ceric acid.^ On treating this salt with 
a stronger acid, the praseod 5 nnium salt of the latter is formed, set- 
ting free ceric acid (ceric hydroxide), which in the hydrated form 
is readily soluble in acids, forming ceric salts. 

Cerous salts can be oxidized in acid solutions by 

(а) Heating with PbO, and HNO, (1 part of acid to 2 parts of 
water). 

(б) Treatment with pcrsulphuric acid. 

(c) Electrolysis. 

If a cerous salt is treated with hydrogen peroxide in acid solution 
a yellow coloration is at first formed, which soon disappears with 
evolution of hydrogen. Ceric salts, therefore, are rediLced by hydro- 
gen peroxide. 

If, however, a cerous salt is treated with HjOj and the solution 
•is made barely alkaline with ammonia, a dark-orange precipitate is 
formed which looks something like ferric hydro^cide, and probably 
consists of CeOg+HjO. This is the most sensitive reaction for 
cerium and is especially suited for detecting the presence of cerium 
in solutions of lanthanum and didymium salts. 

Basic Ceric Salts. — If a solution of ceric nitrate is evaporated 
on the water-bath to a consistency of syrup, the mass dissolves 
readily in water after it has become cold, and the solution can be 
boiled without becoming turbid. If, however, a little nitric acid is 
added, a yellow precipitate is immediately formed, consisting of 
basic ceric nitrate; on the addition of more adld the precipitate re- 
dissolves. This can be explained as follows: By treating the solu- 
tion of ceric nitrate with considerable water it becomes hydrolyzed 
considerably, but the basic salt produced is present in the hydrosol 
state and is changed by the acid into the hydrogel form. 

As lanthanum and didymium salts do not yield basic salts under 
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these conditions, this property can be used for separating cerium 
from these metals. 

It is characteristic of cerium to form with ammonium nitrate 
an easily crystallizable salt, ceric ammonium nitrate: 

Ce(N03)4-2NH4N03-H20. 

All ceric salts may be readily reduced by the ordinary reducing 
agents (alcohol, HI, SOj, H^S, HNO^, H^Oj, etc.) to cerous salts. 


REACTIONS IN THE DRY WAY. 

The borax bead is colored dark brown when hot and light yellow 
to colorless when cold, after being heated in the oxidizing flame. 
In the reducing flame the bead becomes colorless, although strongly 
ignited CeOj will remain suspended in the bead, giving it a turbid 
yellowish appearance. 

Lanthanum, La. At. Wt. 138.9. 

Lanthanum forms only one oxide,* LajOg, which, dven after 
being strongly ignited, dissolves readily in acids. Its salts are 
colorless and yield no absorption spectrum, so that lanthanum 
may be distinguished in this way from didyinium and erbium. 

REACTIONS IN THE WET WAY. 

A solution of lanthanum nitrate La(N 03)8 should be used. 

1 . NH4OH and (NH4)3S precipitate a white basic salt which is 
difficult to filter. 

2. KOH and NaOH precipitate the wliitc hydroxide LaCOH),. 
There is no change to be noticed on treating with oxidizing agents 
(difference from Ce).t La(OH )3 is soluble enough in water to turn 
red litmus-paper blue, and it decomposes ammonium salts on warm- 
ing with evolution of ammonia. The fused oxide is readily soluble 
in acids. 

3. ( NH 4 ) 2 C 03 produces a white precipitate, insoluble in an excess 
of the reagent. 

4. Oxalic Acid produces a white crystalline precipitate, insolu- 
ble in dilute mineral acids and in ammonium oxalate solution. 

. * is said to cause the formation of La408(?). 
t Ibid, • 
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♦ Use a double normal solution: concentrated solutions ove precipitates, in n^rly every case, soluble in excess of the reagent, 
f This reaction is used to separate aluminium from beryllium; the separation is not Quantitative. 
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Nots. — ^Tbwe tobleg were compiled with the help of those published hy C. Gleser, Chem. Zeitung, 1896, page 612, 
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5. K2SO4 precipitates white, crystalline .Laj(S04)g*3KjS04, in- 
soluble in a concentrated K3SO4 solution. 

6. Lanthanum Sulphate 'is only soluble in ice-cold water; on 
warming the saturated solution to 30^ the salt separates out thickly 
(difference from cerium). 

7. Iodine. — ammonia is added to a cold, dilute acetic acid 
solution of a lanthanum salt, and the slimy precipitate is washed 
with water and then treated with solid iodine, the whole mass grad- 
ually assumes a blue color which is similar to that produced by the 
action of iodine upon starch (this property is peculiar to lanthanum). 
The blue color is destroyed by the addition of acids or alkalies. 

c Neodymium, Nd. At. Wt. 143.6. 
Didymium \ 

( PRASEODYMIUM, Pr. At. Wt. 140.5. 

It is very difficult to separate these two metals from one another. 
It is accomplished only by repeated fractional crystallization of 
the ammonium double nitrate. 

Neodymium apparently forms only one oxide, NdjO^; it appears 
bluish after being ignited, and is readily soluble in acids, forming 
violet salts, which afford a characteristic absorption spectrum. 

Praseodymium, on the other hand, forms a greenish-white oxide, 
Pr^Og, which on being ignited is changed into dark-brown peroxide, 
"Prfij, On being heated in a stream of hydrogen, the latter is re- 
duced back to Pr^Og. The peroxide dissolves in acids with loss of 
oxygen, forming greenish salts corresponding to the lower oxide 
and yielding a characteristic absorption spectrum. 

The Didymium Reactions take place with a mixture of the 
two elements. A solution of didymium nitrate, l)i(N03)3, used. 

Didymium salte are violet and show a characteristic absorption 
spectrum (difference from Co and La). The behavior toward 
NH4OH, (NH4),S, KOH, (NH4)gC03, and K^SO, is exactly the same 
as with lanthanum. Oxalic acid precipitates the reddish oxalate, 
which in other respects is like lanthanum oxalate. 

Tantalum, Ta. (At. Wt. 183), and NioSium, Nb (At. Wt. 94). 

These two elements belong to the nitrogen group. Both tantalic 
and niobic acids, however, dissolve in strong acids under certain 
conditions and are precipitated then by ammonia and anunonium 
sulphide. 
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Occurrence.— The chief minerals are tantalite^ Fe(Ta 03 ) 2 > nio- 
bite, or columbite, Pe(Nb03)2, and yttrotantalite, an isomorphous 
mixture of (Ta207)3Y4 and (Nb207)3Y4. Tantalum, and to some 
extent niobium also, replaces the phosphorus in monazite. Cassit- 
erite and wolframite usually carry small amounts of both niobio 
and tantalic acids. 

Tantalum, Ta. At. Wt. 183 . 

Metallic tantalum * is ductile, although the presence of a little 
impurity makes it harder than tool steel. Its specific gravity is 
16.5 and melting point 2250 ^ G. On ignition in the air it assumes 
a yellow to blue tinge caused by a thin coating of oxide. Tanta- 
lum is not attacked by boiling H2SO4, HCl, HNO3, or even aqua 
regia, but it is slowly dissolved by hydrofiuoric acid with evolution 
of hydrogen ; any metal remaining undissol ved is then brittle on 
account of absorbed hydrogen. The concentrated solution forms 
with concentrated KOH insoluble, crystalline potassium tantalum 
fluoride, K2(TaF7). By evaporating the solution in HF with 
concentrated H2SO4 until the former acid is ail expelled, the 
residue dissolves in a little cold water, but the solution becomes 
turbid on dilution or especially by boiling. 

Tantalum forms two oxides, Ta2()4 and Ta^Os, tho former 
being indifferent chemically and the latter an acid anhydride. 
After ignition the pentoxide is insoluble in acid and is not rendered 
soluble by fusion with pyrosulphate although it is volatilized by 
heating with ammonium fluoride. Fusion of tho oxide with 
caustic alkali in a silver crucible gives rise to alkali tantalates, 
both tho meta- and hexatantalates being known ; only the former 
are soluble in water. 

Potassium hexatantalate, KgTacOiQ + I6H2O, is soluble in 
water and caustic potash solution, while the sodium salt is soluble 
in water, but not in caustic soda. The remaining tantalates are all 
insoluble. 

REACTIONS IN TUB WET WAY. 

A solution of potassium hexatantalate should bo used. 

1. Mineral Acids. — (a) II2SO4 precipitates tantalic acid from 
cold dilute solutions, and tho precipitation becomes almost quantita- 
tive only on boiling. Hot concentrated II2SO4 dissolves the precipi- 
tate produced by the dilute acid. On diluting the solution with water 

* W. von Bolton, Z. Electrokem. XI (1906), Ileft 6, p. 45. 
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after it has become cold, the tantalic acid is reprecipitated (differ^ 
ence from niobium). 

( 6 ) HCl at first produces a precipitate from a concentrated solu- 
tion, which dissolves in an excess of the acid, forming an opalescent 
solution. From this solution sulphuric acid precipitates tantalio 
acid in the cold, but the precipitation is not quantitative even on 
boiling. 

(c) HNOji has the same action as HCl. 

2 . NH^OH and (KH4)3S precipitate from the hydrochloric acid 
solution either tantalic acid itself or an acid ammonium tantalate; 
tartaric acid prevents the precipitation. 

, 3 . Tannic Acid produces in acid solutions a light-brown precipi- 
tate (difference from niobic acid). 

4 . K4Fe(CN)fl produces in acid solutions a light-yellow precipi- 
tate, which becomes brown on the addition of a little ammonia. 

6 . HF, KF. — If a concentrated solution of tantalic acid in 
hydrofluoric acid is treated with KF, the difficultly soluble K2TaF7 
is formed, which separates from the solution in the form of ortho- 
rhombic needles (200 parts of water dissolve 1 part of salt) (differ- 
ence from niobium). On boiling the solution of tantalic potas- 
sium fluoride, the very difficultly soluble oxyfluoride precipitates 
(K4Ta405F,4). By means of this reaction the merest trace of' 
tantalic acid can be detected in the presence of niobic acid. 

6 . Zn and HCl do not produce colored solutions (difference from 
niobium). 

REACTIONS IN THE DRY WAY. 

Ta^Og is infusible. The bead of salt of phosphorus remains 
colorless in both oxidizing and reducing flames. The addition of 
FeS04 does not cause the formation of a blood red color (difference 
from Ti and Nb). 


Niobium. 

Niobium forms three oxides: Nb^O^, Nb304, and Nb^Oj, of which 
the last is an acid anhydride. Nb^Og, like Ta^Og, is insoluble in acids 
after it has been ignited and is not rendered soluble by fusing with 
potassium pyrosulphate. By fusing with KOH or K^COg potassium 
hexaniobate is formed, which is soluble in water. The sodium salt 
is insoluble in caustic soda, but soluble in water. 
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REACTIONS IN THE WET WAY. ' 

A solution of potassium hexaniobatc should be used. 

1. Mineral Acids produce in alkali niobate solutions a white, 
amorphous precipitate of nioblo acid, which is only slightly soluble 
in an excess of the acid. Concentrated sulphuric acid, however, 
dissolves the niobic acid on warming, and the solution remains clear 
after being diluted with cold water (difference from tantalum). 

If the niobic acid is treated with boiling hydrochloric acid, it only 
dissolves slightly, but on pouring off the acid, the residue is soluble 
in water.* 

2. NH4OH and (NH4)2S precipitate niobic acid from the sul- 
phuric acid solution, and the precipitate is soluble* in HF. 

3. Tannic Acid Tincture produces an orange-red precipitate. 

4. K 4 Fe(CN)o produces a light-yellow precipitate. 

5. H(KF 2 ). — If niobic acid is dissolved in an excess of HF and 
KF is then added, readily soluble niobic potassium fluoride is formed 
(12.5 parts of water dissolve 1 part of the salt). By boiling the 
dilute aqueous solution, soluble potassium niobic oxyfluoridc is 
formed, which is even more soluble (difference from tantalum). 

6. Zinc produces a beautiful blue coloration when added to an 
acid solution of niobic acid (difference from tantalum). 

REACTIONS IN THE DRY WAY. 

The bead of salt of phosphorus is blue, violet, or brown in the 
reducing flame (according to the amount of. niobic acid which is 
present) • the bead becomes red on the addition of FeS 04 . 

METALS OF THE H,S GROUP. 

THALLIUM, VANADIUM, MOLYBDENUM, TUNGSTEN, SELENIUM, 

TELLURIUM, RHODIUM, PALLADIUM, OSMIUM, IRIDIUM, 

RUTHENIUM. 

THALLIUM, Tl. At. Wt. 204.1. 

Occurrence . — Thallium is found in nature very sparingly; in 
small amount in many varieties of pyrite, and accompanying potas- 


* This behavior reminds one of metastannic acid. (Cf. page 218.) 
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sium in carnallite and sylvite, in many lithium micas and in many 
mineral waters. It replaces the silver to a considerable extent in 
copper-silver selenide, in crpokesite, (AgTlCu)2Se, and in ber- 
zelianite, (CuAgTl)3Se. There are no characteristic thallium mine- 
rals. The principal sources of our thallium is the dust from sul- 
phuric acid plants where pyrite containing thallium is used. 

Metallic thallium reminds one of lead in its color, softness, high 
specific gravity, and low mating-point. 

Lead. Thallium. 

Specific gravity 11.24 to 11.388 11.8 

Melting-point 326® C. 290® C. 

It is a monovalent element, dissolves readily in nitric and sul- 
phuric acids, but not in hydrochloric acid. It forms two oxides: 
thallous oxide, Tl^O and thallic oxide, Tl^Og. Both oxides are 
anhydrides of bases and give rise to thallous and thallic salts. 

BEACTIONS IN THE WET WAY. 

A. Thallous Compounds. 

Thallous compounds are colorless and soluble in water as a rule. 
The sulphide, chloride, bromide, iodide, and chromate are insoluble 
in water. Thallous oxide is a colorless powder, whose aqueous 
solution reacts alkaline and absorbs carbon dioxide with avidity. 

A solution of thallous sulphate should be used for the following 
reactions: 

1. H,S causes no precipitation from solutions which contain 
mineral acids; in neutral solutions, thallium is incompletely pre- 
cipitated as black thallous sulphide, Tl^S. TI2S is readily soluble in 
mineral acids, but insoluble in acetic acid and alkaline sulphides. 
It is oxidized readily on standing in the air to thallous sulphate. 

2. (NH4)3S precipitates all of the thallium as Tl^S. 

3. KOH, NaOH, or NH4OH produce no precipitation. 

4. Alkali Carbonates cause precipitation only in very con- 
centrated solutions, for thallous carbonate is fairly soluble (100 parts 
of water dissolve 5 parts of the salt). 

5. HCl produces a heavy, white precipitate of thallous chloride, 
very slightly soluble in water, and still less so in water containing a 
little hydrochloric acid. 



THALLIUM. 


433 


6. KI precipitates yellow thallous iodide, Til, from even the 
most dilute solutions; this is the most sensitive reaction for thal- 
lium. 

7. Alkali Chromates precipitate yellow thallous chromate, in- 
soluble in cold nitric or sulphuric acids. 

8. H^PtCly precipitates light-yellow thallium chlorplatinato, 
which is almost entirely insoluble in water; 1 part dissolves in 
15,585 parts of water at 15® C. and in 1948 parts of water at 100® C. 

9. Al 2 (S 04 ) 3 . — If a solution of thallous sulphate is treated with 
aluminium sulphate and the solution is then allow'cd to crystallize, 
glistening, colorless octahedrons are obtained of thallium alum, 
TlAl(S 04 ) 3 + 12 Hp. 

Thallium is like lead in respect to its specific gravity and to the 
solubility of its halogen compounds; but, on the other hand, it is 
similar to the alkalies with regard to the solubility and alkaline 
reaction of the hydroxide and carbonate, and with regard to its 
forming an insoluble chlorplatinato and an alum. 

B. Thallic Compounds. 

Thallic compounds cannot as a nilc be prepared by the oxida- 
tion of thallous compounds (with the exception of thallic chloride, 
which is readily obtained by the action of chlorine water upon 
thallous chloride). They are obtained by the solution of thallic 
oxide * in acids, and can be distinguished from thallous compounds 
by the ease with which they suffer decomposition in aqueous solu- 
tion. Thus thallic sulphate is decomposed on boiling its aqueous 
solution into thallic hydroxide and sulphuric acid; the nitrate be- 
haves similarly. 

The chloride, TlClg, is a hygroscopic and not very stable sub- 
stance; on being heated to 100® C. chlorine is evolved with the 
formation of thallous chloride. 

KOH, NaOH, and NH4OH precipitate brown thallic hydroxide, 
T1(0H)3, from solutions of thallic salts, which changes to TIO(OH) 
on standi!! g in the air, is difficultly soluble in acids and insoluble in 
an excess of alkali. 


* T^Oj is not attacked in the cold by concentrated sidphuric acid, but 
is dissolved on warming. The hydroxide, T10(0H), is much more soluble. 
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KCl aiid alkali ckromates do hot cause precipitation. 

KI precipitates thallous iodide with deposition of iodine. 

BEACTIONS IN THE DRY WAT. 

Thallium salts color the non-luminous gas-flame a beautiful 
emerald green. The thallium spectrum consists of a green line. 

VAKADIUM, V. At. Wt. 51.2. 

Occurrence, — ^Vanadinitc, Pb 5 (V 04 ),Cl; camotite;* mottramite, 
(CuPb) 5 VjO,o-t- 2 HjO; many clays and in almost all granites. 
Vanadium forms, like nitrogen, five oxides: VjO, VjO„ VjO,, 

v,0„ v,o,. 

The first three arc basic anhydrides, while the last two oxides 
possess completely the character of acid anhydrides. 

Vj 04 is the anhydride of hypovanadic acid, V^O^COH)^. It is a 
blue powder, soluble in concentrated acids, forming blue divanadyl 
salts: 

VP4-1-2H,S04=VA(S04),-I- 211 , 0 . 


If the solution of divanadyl sulphate is treated with sodium car- 
bonate or ammonia (avoiding excess), hypovanadic acid separates 
out as a grayish-white precipitate, which, like the anhydride, is 
soluble in acids with a blue color and in alkalies with a brown color. 
The divanadyl comxrounds are readily formed by reducing solutions 
of the pentoxide in mineral acids with sulphurous acid (cf. page 435), 
and serve, on account of their blue color, for' the detection of 
vanadium. 

VjOj is the anhydride of vanadic acid and is an orange-red crys- 
talline mass, which is readily fusible but non-volatile. It is only 
slightly soluble in water, forming a yellow slightly-acid solution, 
but readily soluble in concentrated solutions of caustic alkalies, 
forming vanadates. 

Like phosphoric acid, vanadic acid exists in the form ofmeta-, 
pyro-, ortho-, and poly-compoimds, of which the meta-compounds 

* According to Fricdel and Cumenge, camotite contains 18 per cent. 
V,0, and 55 per cent. V0„ as well as (K, Ca, Ba, H, As, and P). (Cf. Hill»- 
brand and Ransome, Am. Jr. of Science, X, 138.) 
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ate the most stable and the ortho-compounds the least so. Thiu an 
aqueous solution of potassium or sodium orthovanadate is hydro- 
lyzed, even in the cold, into the pyro-salt and alkali hydroxide, 

2 Na 4 V 04 + H,0 Na4V,0,+ 2NaOH, 

and on boiling the metsrsalt is formed: 

Na,V,0,-|-H,0 ^ 2NaVO,+2NaOH. 

The meta-, pyro-, and ortho-salts of the alkalies are colorless or 
slightly yellow, while the poly vanadates, e.g., the tetra- and hexa- 
vanadates, are intensely orange or reddish. Thus the colorless or 
light-yellow solutions of the ortho-, meta-, and pyrovanadates are 
colored intensely orange on the addition of acid. 

REACTIONS IN THE WET WAY. 

1. NHCl. — If apiece of solid ammonium chloride is added to a 
solution of an alkali vanadate, colorless ammonium metavanadate 
separates out, 

Na4V,0,-l- 4NH4C1=2NH4V0,+ 2NH,-|- H,0+ 4NaCl, 

difficultly soluble in a concentrated solution of ammonium chloride. 

2. (ITH 4 ) 2 S produces no precipitation, but causes the solution to 
turn brown owing to the formation of sulpho-salts, from which brown 
VjS, is precipitated on the addition of acid;* the precipitate is 
soluble in alkalies, alkali carbonates, and in alkali sulphides, forming 
a brown solution. 

3. HjS gives no precipitation in acid solution, but reduces com- 
pounds of vanadic acid to divanadyl compounds, so that the solu- 
tion is colored blue. 

4. Reducing Agents (SO,, H,S, HBr, alcohol, oxalic and tartaric 
acids, sugar, etc.) reduce acid solutions containing vanadates to 
blue vanadyl salts: 

V,05-I-S0,=S0,-HV,04. 

HI reduces vanadic acid to green V^O,: 

V,0,+ 4HI = 2H,0-|- 41+ V,0,. 

* The piecipitation of V,S, is not quantitative; the filtrate is always col- 
ored blue and contains detectable amounts of vanadyl salts. 




43<S REACTIONS OF SOMt OF THE RAI^R METALS. 

The green color'only appears after the iodine haa been removed by 
continued boiling of the solution. 

Metals, such as Zn, Al, and Cd, cause still further reduction of 
vanadic acid, so that the solution turns at first blue, then green, and 
finally violet. 

6. H,0,. — If an acid solution of a vanadate is treated with a 
few drops of HjOj and shaken, the solution becomes colored red- 
dish brown. This is a very delicate reaction. 

6. Mercurous Nitrate precipitates white mercurous vanadate 
from neutral solutions; the precipitate is soluble in nitric acid. 

7. Lead Acetate precipitates yellow lead vanadate, soluble in 
nitric acid. 

Detection of Vanadium in Rocks (Hillebrand).* 

Five gms. of the finely-powdered rock are fused over the blast- 
lamp with 20 gms. of Na^COg and 3 gms. of NaNOa. The product 
of the fusion is extracted with water, the manganate formed is re- 
duced by the addition of a little alcohol, and the solution is filtered. 
The aqueous solution can contain As, P, Mo, Cr, V, W. It is nearly 
neutralized with nitric acid (the amount necessary having been 
determined by a blank test), almost evaporated to dryness, taken up 
in water, and filtered. The alkaline solution is then treated with 
mercurous nitrate, whereby mercurous phosphate, arseniatc, chro- 
mate, molybdate, and tungstate with some basic mercurous carbo- 
nate are precipitated. The solution is boiled and filtered, the pre- 
cipitate dried and separated from tlite filkT, ignited in a platinum 
crucible, and then fused with a little sodium carbonate. The prod- 
uct of the fusion is extrackKl with water, when a yellow color shows 
that chromium is present. The solution is acidified with sulphuric 
acid, and traces of Ft, Mo, and As arc precipitated by means of H^S 
(best in a small suction flask). This precipitate is filtered off and 
the excess of H^S is removed by boiling, while a stream of carbonic 
acid gas is being passed through it, evaporated to dryness, and the 
excess of sulphuric acid removed by carefully heating in an air-bath. 
The residue is now dissolved in 2 or 3 c.c. of water and shaken with 
a few drops of a brownish-yellow color shows the presence of 
vanadium. If chromium is present, on adding H 2 O 2 and ether to 
the sulphuric acid solution and shaking, the ether will be colored 
blue by chromium and the aqueous solution yellow by vanadium.f 

* Amcr. Joum. of Science, 1898, p. 2J9. 
t E eShampapne, Chem. Oentralbl, 1904, II, p. 1107, 
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REACTIONS IN THE DRY WAY. 

The borax bead is colorless in the oxidizing flame if slightly 
saturated with the vanadium compound, yellow if strongly satu- 
rated, and green in the reducing liame. 

Molybdenum, Mo. At. Wt. 96 . 0 . 

Occwrr^c.— Molybdenite, MoS^; wulfcnitc, PbMo04; powel- 
lite, CaMo04. Molybdenum has a valence of 2, 3 , 4, and 6, and 
forms the following oxides: MoO, MOjO,,, MoO^, and M0O3. The 
first three are basic anhydrides, while the last oxide, M0O3, is an acid 
anhydride, forming a white mass (yellow when warm) which is 
readily fusible, but very difficultly volatile. In the cooler part of 
the crucible, colorless, transparent, thin, orthorhombic plates of 
M0O5 are deposited. MoOj is only very slightly soluble in water, but 
dissolves readily in alkalies and in ammonia, forming molybdates* 
Molybdic acid itself can be readily obtained as a solid mass by acidi- 
fying the solution of an alkali molybdate; it is soluble in an excess 
of the acid (difference from tungstic acid). The most important 
commercial molybdate is the acid ammonium molybdate, corre- 
sponding to the formula 

(NH4)eMoA4+4H30. 

REACTIONS IN THE WP:T WAY. 

A solution of ammonium molybdate should be used. 

The alkali molybdates are soluble in water; the remaining salts, 
are mostly insoluble in water but soluble in acids. 

1 . Dilute Acids precipitate from concentrated alkali molybdate 
solutions white H3M0O4, soluble in an excess of acid. 

Concentrated Sulphuric Acid. — If a trace of a molybdenum 
compound is evaporated with a drop of concentrated sulphuric acid 
almost to diyness in a porcelain dish, the mass is colored intensely 
blue. This is an exceedingly delicate reaction. 

2. HjS at firat colors acid molybdenum solutions blue, and pre- 
cipitates little by little the molybdenum as brown molybdenum tri- 
sulphide, M0S3, soluble in ammonium sulphide, forming a brown 
solution and reprecipitated by the addition of acids. Molybdenum 
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sulphide is oxidized by warm sulphuric acid to white molybdic acid, 
and is changed by roasting, in the air into M 0 O 3 . 

3. Zinc. — If a molybdate solution which is acid with hydro- 
chloric or sulphuric acid is treated with zinc, the solution is colored 
at first blue, then green, and finally brown. Other reducing agents 
such as SnCljj, IlgjCNOg)^, etc., cause the same reaction. 

4. KCNS causes no change when added to acid molybdenum 
solutions, but if the solution is then treated with zinc or stannous 
chloride, a blood-red coloration is produced on account of the fonna- 
tion of molybdenum sulphocyanide; the reaction also takes place in 
the presence, of phosphoric acid (difference from iron). If the solu- 
tion is shaken with ether, the colored compound is dissolved in the 
latter. 

5. Sodium Phosphate. — If a few drops of a solution of sodium 
phosphate are added to a molybdate solution strongly acid with 
nitric acid, a yellow crystalline precipitate of ammonium phospho- 
molybdate is formed, slowly in the cold, but much more quickly on 
warming the solution (cf. Phosphoric Acid, page 328). Arsenic acid 
causes the precipitation of a similar compound. 

6 . Mercurous Nitrate precipitates white mercurous molybdate 
from neutral solutions; the precipitate is soluble in nitric acid. 

7. Lead Acetate precipitates white lead molybdate, soluble in 
nitric acid. 


REACTIONS IN THE DRY WAY. 

Alkali molybdates, alone or with sodium carbonate, are reduced 
on charcoal to gray molybdenum, a white incrustation of MoO, 
being formed at the same time. 

Borax Bead. — ^All molybdenum compounds impart a yellow 
color to the warm bead, after it has been heated in the oxidizing 
flame, becoming colorless when cold; in the reducing flame a dark- 
brown colored bead is produced, which is turbid if considerable 
MoOg was used. 


Tungsten, W. At. Wt. 184. 

Occurrcncc.--Tungsten is not very often found in nature, but 
there are a number of well-crystallizing tungsten minerals, such as 
the minerals of the Scheelite group. 
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Soheelite, CaWO|; cuproscheclite, (CaCu)W04; reinite, FeW04; 
atolzite, PbW04. These minerals all crystallize in the tetragonal 
system and form with powcllite, CaMo04, and wnlfenite, PbMo04, 
a very interesting isomorphous group. Another isomorphous group, 
which consists of minerals crystallizing in the monoclinic system, is 
formed by hiibnerite, MnW04; wolframite, (MnFc)W04, fer- 
berite, FeW04. The most important tungsten mineral is wolfram- 
ite, which is usually cotitaminated with small amounts of silicic, 
tantalic, and niobic acids. Tungsten forms two oxides, WO, and 
WO,. 

WOj is a brown powder, readily obtained by heating WO, to a 
dull redness in a stream of hydrogen. It Ls pyrophoric and must, 
therefore, be cooled in a stream of hydrogen before it Ls allowed to 
come into contact with the air. By igniting strongly in a stream 
of hydrogen, metallic tungsten is obtained, which is stable in the 
air. This behavior is important and is taken advantage of in the 
quantitative determination of tungsten. 

WO, is an acid anhydride obtained by the ignition of tungstic 
acid, of ammonium or mercurous tungstates, or by the oxidation of 
the dioxide, on heating in the air. 

The trioxide is a canary-yellow powder, insoluble in water and 
dilute acids, and only slightly soluble in concentrated hydrochloric 
and hydrofluoric acids. It (lis.solves readily by warming with po- 
tassium or sodium hydroxides, and less readily in ammonia. It is 
most easily dissolved by fusing with sodium carbonate, sodium 
tungstate being formed: 

WO,-l- Na,CO, = Na,W04+ CO,. 

It is changed to potass^ium tungstate by fusing with potassium 
pyrosulphate: 

WO,-!- K^p, = KjWO,-!- 2 SO,. 


If the product of this last fusion is treated with water, usually none 
of the tungsten goes into solution, because if an excess of potassium 
pyrosulphate is present (wliich is usually the case) it reacts with the 
potassium timgstate, forming free tungstic acid: 

K,W 04 - 1 - K,S, 0 ,+H, 0 = 2 K,S 04 + H,W 04 . 
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If not enough pyrosulphate remains to complete the above de- 
composition, some of the tungsten will be dissolved, but never all of 
it. If a little sulphuric acid is added to the water, none of the tung- 
sten will go into solution. This property enables one to separate 
tungsten from titanium. If ammonium carbonate were added, all 
of the tungsten dissolves, which enables us to separate tungstic from 
lulicic acid. 


REACTIONS IN THE WET WAY. 

A solution of sodium tungstate should l)e used. 

1. Mineral Acids, IICl, HNO3, H,S()4, produce, in the cold, 
a white, amorphous precipitate of hydrated tungstic acid, 
HjWO^+HjO.* lly boiling the solution, the yellow anhydrous 
acid II3WO4 is obtained, insoluble in dilute acids, but soluble to 
an appreciable extent in concentrated hyilrochloric acid. 

Tungstic acid must always bo washed with water which contains 
acid or a dissolved salt, as otherwise tungstic acid will form a pseudo- 
solution with pure water, so that a turbid filtrate will be obtained 
(cf. pages 70 , 174 ). 

Phosphoric acid behaves differently tow^ard solutions of the 
alkali tungstates than do the other mineral acids; it produces a 
white precipitate soluble in an excess of phosphoric acid ; a complex 
phospho-tuiigstic acid is formed, 0P(W05)i3(()Na)3. If the 
solution of an alkali tung^ate is Ixiiled with free tungstic acid, the 
latter gradually goes into solution, forming a metatungstate: 

Na 3 W 04 + 3WO3 = Na 3 W 40 ,,. 

Mineral acids cause no precipitation in solutions of metatung- 
states. If the solution is boilc'l with an excess of acid, the soluble 
metatungstic acid is gradually changed to insoluble^ ordinary tung- 
stic acid, w’hich is then precipitated. 

2. HjS produces no precipitation in acid solutions. 

3 . (17114)28 gives no precipitation in a solution of an alkali 
timgstate, but if the solution is afterward acidified, light-brown 
tungsten frisulphide is precipitated, which has the property of form- 
ing pseudo-solutions with pure water, but is insoluble in hydrochloric 
acid. The precipitate rcdissolves in ammonium sulphide. 


* The presence of tartaric acid prevents the precipitation. 




SELENIUM. 


441 


4. Reducing Agents.— If the solution of an alkali tungstate is 
treated with HCl and zinc, the tungstic acid at first precipitated by 
the HCl is soon turned to a beautiful blue color^ owing to the forma- 
tion of WjOj. 

SnCl, produces a yellow coloration at first, but on adding Hd 
and wanning, a beautiful blue precipitate is obtained. This is one 
of the most sensitive reactions for tungstic acid. 

5. Mercurous Nitrate precipitates white mercurous tungstate 
from neutral solutions. 

6. Lead Acetate precipitates white lead tungstate from neutral 
. solutions. 


REACTIONS IN THE DRY WAY. 

The salt of phosphorus bead is colorless in the oxidizing flame, 
and blue in the reducing flame, becoming blood red on the addition 
of a little FeSOi- 


Selenium, Se. At. Wt. 79.2. 

Oc^urrewce,— Although selenium is quite widely distributed in 
nature, it is invariably found in very small amounts, usually re- 
placing sulphur, forming isomorphous compounds with lead, silver, 
copper, and mercury; cIaustaIite,PbSc; Ix'rzelianitc, (CuA^fri) 2 Se; 
naumannitc, (Agjj,Pb)Sc; tiemannite, H^; lehrbachite, (Pb,Hg)Se; 
onofritc, Hg(SeS); eucairitc, (Ag,Cu)jSc. It is also found in 
small amounts in many varieties of pyritc and chalcopyrite, and 
indeed the small amounts which are found in these minerals form 
the chief source of the selenium of commerce. By roasting these 
minerals (as in the manufacture of sulphuric acid) all of the selenium 
is volatilized,, and is consequently deposited in the lead chambers 
as a mud from which it is extracted with a solution of potassium 
cyanide and afterwards precipitated with acid: 

KCN+Se-KGNSe and KCNSe+HCl=HCN+Ka+Sc. 

Selenium, like sulphur, exists in two allotropic forms. The 
modification soluble in carbon disulphide is obtained by reducing 
sclenious acid in the cold with sulphurous acid; it is a brick-red 
powder. After heating this red selenium with hot water for some 
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time it is changed into Uack selenium, and is then insoluble in car- 
bon disulphide. Selenium melts at 200^ C. 

On heating in the air, selenium burns with a bluish flame (giving 
off an odor similar to that of rotten radishes) fonning white cryB- 
talline selenium dioxide, SeO^, which will sublime on being heated 
in a stream of oxygen. Selenium forms one oxide, ScOj, and two 
acids: sclenious acid, H^ScO^, and selenic acid, H^SeO*. 

Selenious acid, Hj^ScOj, is obtainal in the fonn of long colorless 
needles by oxidizing sidenium with nitric acid, or by the solution of 
its anhydride, SeO,, in water. Unlike sulphurous acid, it is not 
changed on standing in the air into solonic acid ; but, on the con- 
trary, is reduced by dust, etc., to red selAiium. The acid is dibasic, 
and forms salts in which either one or both of the hyilrogen atoms 
are Replaced by metal. 

The acid salts arc all soluble in water, but the neutral salts are 
all insoluble with the exception of those' of the alkalies. 

Selenic acid, HjSc 04 , is obtained in solution by conducting chlo- 
rine into water which contains either suspended selenium or dis- 
solved selenious acid: 

Se + 3C1,+ 4IU) - II,Se 04 + 6HC1. 

Sodium seleniate is obtaineil by fusing selenium wth sodium 
carbonate and potassium nitrate. Selenic acid is a dibasic acid, 
and behaves similar to a ptroxido, evolving chlorine when Ixriled 
with concentrated hydrochloric acid, Ix'ing reduced to selenious 
acid; 

H,Sc 04+ 21 ICl = IU)+ HjSc'O,-}- Cl,. 


REACTIONS IN THE WET WAY. 

(<i) Sdenions Acid, 

A solution of either pota.ssium selenite or of free selenious acid 
should be used. 

1. H,S produces a lemon-yellow precipitate, consisting of sele- 
nium and sulphur, from solutions in water or in dilute hydrochloric 
acid: 

H,SeO,+ 2H,S« 3H,0+ Sc+ S,. 

The precipitate is soluble in ammonium sulphide. 
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2. Reducing Agents (SO2, SnCl2, FeS04, Zn, Fe, HI, 
NH2-NH2-H2S04, NH20H-HCI) reduce the solution of selenious 
acid in dilute hydrochloric acid, causing the precipitation of red 
selenium, which changes black after the solution has been heated 
for some time. H3PO3 precipitates selenium from hot concen- 
trated solutions, but does not from a dilute solution slightly acid 
with HCl. 

3. Barium Chloride precipitates from neutral solutions white 
barium selenite, BaSeOj, soluble in dilute acids. 

4. CuSOi produces a greenish-blue, crystalline precipitate 
(difference from sclenic acid). 

(&) Sdenic Add. 

A solution of potassium seleniate should be used. 

1. HjS causes no precipitation unless the solution is boiled with 
hydrochloric acid. In the latter case the selenic acid is first reduced 
to selenious acid, and is then reduced to selenium by the hydrogen 
sulphide. 

2. BaCl, gives a white precipitate of barium seleniate, BaSeOf, 
insoluble in water and in dilute acids; soluble, with evolution of 
chlorine, on Ix'ing lx)iled with hydrochloric acid ; 

BaSc04+ 2HC1 = BaCl,+ H,Se03+ ^1,+ H3O. 

3. CUSO4 produces no precipitatioft. 

4. SO3 does not reduce selenic acid. 

Method for Testing Sulphuric Acid for Selenium.* 

Five or si.\ drops of the acid to be testotl are added to the solution 
of a little codcin in sulphuric acid, when, if selenium is present, a 
green coloration will ho apparent. The test is a very delicate one. 

REACTIONS IN THE DRY WAY. 

All selenium compounds emit the odor of decayed radishes on 
being mixed with sodium carbonate and heated on charcoal before 
the blow^pipe. 

If a selenium compound is heated at the end of a thread of asbes- 
tos in the upix^r reducing flame of the Btinsen burner, it will be re-. 

* Dragendorff, Chem. Centralbl., 1900, 044. 
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duced to selenium; and if a t^trtube filled with water is held above 
the fiamc, a red coating of seleniiuri will be deposited upon the glass.^ 
If a few drops of concentrated sulphuric acid t are placed in a larger 
test-tube (large enough to hold the smaller test-tube) and the tube 
on which the selenium is deposited is emptied and placed within the 
larger tube, the selenium will dissolve t in the sulphuric acid, form- 
ing a green solution; but on the addition of water, red selenimn will 
be reprecipitated (difference from tellurium) : 


SeS 03 + H,0 - Se+ H 3 SO 4 . 

Green 

TELLURIUM, Te. At. Wt. 127.6. 

Occurrence , — ^Tellurium is a rarer metal than selenium, alwa}rs 
occurring in the form of a telluride, and usually combined with the 
noble metals: calaverite, (Au,Ag)Te 2 ; krennerite, (Au,Ag)Te 2 ; 
sylvanite, (Au,Ag)Te 4 ; nagyagite, Au 2 Sb 2 PbioTe 6 Si 5 ; coloradoite, 
H^e; silver telluride, Ag 2 Te; and often in small amounts in 
galena and copper ores. Emmonsite of Cripple Creek, Colorado, is 
a ferric telluride with 70.71 per cent. Te02 and 22.76 per cent. 
Fe 203 . Tellurium itself is a bluish-white, brittle substance, which 
melts at 500^ C. and can be distilled in a stream of hydrogen. It 
bums in the air with a bluish-green flame; forming tellurium 
dioxide, Te 02 . It is insoluble in carbon disulphide, and can be 
oxidized by means of nitric acid to tellurous acid. On being fused 
with potassium cyanide, out of contact with the air, it is changed 
to potassium telluride, 

2 KCN +Te * KaTe H- (C^ ) 2 , 

which dissolves in water, forming a cherry-red solution. If air is 
conducted through this solution, the tellurium Ls precipitated in the 
form of a black powder (difference from selenium): 

K 2 Te +H 2 O +0-2K0H -hTe. 

Tellurium may be separated from selenium by means of this last 
reaction. The two metals arc fused with potassium cyanide, the 
melt is treated with water, and the tellurium precipitated by passing 

♦ Cf . page 27. 

t The sulphuric acid should be freed from water by heating in a platinum 
crucible to a temperature just below the boiling-point, and the crucible with 
ite contents allowed to cool in a desiccator. 

t Slowly in the cold, readily on wanning. 
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a current of air through the solution; the selenium is precipitated 
from the filtrate by acidifying with hydrochloric acid. 

Tellurium forms two oxides: TeOj and TeOj. 

Tellurium dioxide (the anhydride of tellurous acid) is usually 
obtained in the form of a white mass, which molts on gentle heating, 
forming a yellow liquid. Tellurium dioxide does not sublime (dif- 
ference from selenium). It is scarcely soluble at all in water, is 
slightly soluble in ammonia and in dilute acids, but readily soluble 
in concentrated acids or in caustic potash solutions. TeO^ dissolves 
in fairly concentrated sulphuric acid, forming the basic sulphate, 
Te,0,'S04, while with nitric acid it forms the basic nitrate, 
Te203(0H)N03. Both of these compounds are hydrolyzed readily, 
forming insoluble tellurous acid; the latter in turn loses water and 
forms the anhydride. 

On dissolving TeOa in caustic potash, potassium tellurite, 
K2Te03, is obtained. Ordy the alkali tellurites are soluble in water. 

Tellurium trioxidc (telluric anhydride) is formed by heating 
telluric acid. It is a yellow ix)wd(‘r, insoluble in water and nitric 
acids, scarcely aflfech'd by boiling with concentrated hydrochloric 
acid, but is readily dissolved by boiling with a concentrated solution 
of potassium hydroxide (but not by sodium hydroxide), forming 
potassium telluratc. 

Telluric acid, H,Tc04+2H,0, is a very weak acid, obtained by 
oxidizing tellurous acid with chromic acid, and precipitating the 
telluric acid by the addition of concentrated nitric acid. The acid 
forms a colorles.s crystalline mass, is remlily soluble in water, and is 
converted by means of concentrated hydrochloric acid into tellurous 
acid, with evolution of chlorine. The acid dissolves readily in 
caustic potash (or soda) solution, forming the readily soluble alkali 
tellurate, which reacts strongly alkaline in aqueous solution. 

By gently heating the hydrated telluric acid, the anhydrous 
acid, H,Te04, is obtained in the form of a white pow der and is totally 
different from the hydrated acid. The latter is soluble in water and 
in caustic alkalies, and is completely reduced by boiling writh concen- 
trated hydrochloric acid; but the anhydrous acid is insoluble in water 
and in concentrated sodium hydroxide solution, and is only very 
slightly attacked by boiling concentrated hydrochloric acid, although 
readily soluble in warm potassium hydroxide solution. 

Only the tellurates of the alkalies are soluble in water; the others 
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are usually obtained in the form of amorphous precipitates soluble 
in acids. 

■ REACmONS IN THE WET WAT. 

(а) TeUurous Add. 

A solution of potassium tellurite, K,TeO„ should be used. 

1. HjS precipitates brown TeS, from acid solutions, which is 
readily soluble in ammonium sulphide. 

2. Reducing Agents. — SO, precipitates tellurium completely 
from dilvde hydrochloric acid solutions in the form of a black pow- 
der, even in the presence of tartaric acid; but from a strongly-acid 
solution no tellurium is precipitated even on boiling (dilTerence from 
selenium). In the latter case about 200 c.c. of hydrochloric acid 
(sp. gr. 1.175 are used) (cf. Vol. 2). 

SnCl, or Zn causes black tellurium to precipitate from solutions 
which are not too acid. 

H, PO, precipitates the tellurium only from concentrated solu- 
tions, not at all from cold dilute solutions. 

FeS 04 reduces neither tellurous nor tclliwic acids (difference 
from selenium). 

3. HCl produces a white precipitate'of H,TeO,. 

(б) TeUuric Add. 

A solution of potassium telluratc should be used. 

I. HCl causes no precipitation; but if the solution is then boiled 
chlorine is evolved, and on dilution with water tellurous acid is 
precipitated. 

2. H,S and reducing agents have the same effect upon hot solu- 
tions of tellurates as upon tellurites. 

3. Lead Salts precipitate difHcultly-solublc lead tellurate. 

REACTIONS IN THE DRY WAY. 

Metallic tellurium is formed by heating any telluride in the 
upper reducing flame, and can be collected on the lower surface of a 
test-tube filled with water in the form of a black film, soluble in 
concentrated sulphuric acid. The latter solution is of a carmine 
red color (difference from selenium); and on the addition of water 
black tellurium is deposited: 

TeS0,+ H, 0 -Te+H,g 04 . . 

Gsrauno rad 
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THE PLATINUM METALS. 

PLATINUM, PALLADIUM, RHODIUM, OSMIUM, RUTHENIUM AND 

IRIDIUM. 

Platinum has been already described on page 232. 

PALLADIUM, Pd. At. Wt. 106.5. 

Sp. Or. 11.9. 

Occurrence . — ^The platinum metals form an isodimorphous group 
but only in the case of palladium are both fonns known — ^the regu- 
lar and the hexagonal: 

(o) Regular System. (b) Hexagonal System. 

Platinum (Pt, Fc). Iridosmium (Sysserskit) (Ir, Os). 

Iridium (Ir, Pt). Osmiridium (Ncwjanskit) (Ir, Os, 

Platinum iridium (Pt, Ir, Rh). Pt, Rh, Ru) or (Os, Ir, Rh). 
Palladium (Pd, Pt, Ir). Palladium (Pd, Pt, Ir). 

Properties.— Rolled, hammered, or cast palladium possesses 
an almost silver-white color, but when precipitated from solutions it 
is in the fonn of a black powder. If it is suspended in water when 
in the finely-divided form, it is transparent with a reddish color. 
Palladium has the lowest melting-point of all the platinum metals, 
vis., 1500“ C. On being heated in the air, it apix*ars bluish, owing 
to the formation of PdjO; the latter, however, is decomposed by 
stronger heating. 

Behavior towards acids: While the remaining platinum metals 
are attacked by no acid except aqua re^a, palla4.1ium is dissolved 
slowly by warm nitric acid (also in the cold when it is alloyed with 
other metals such as CuAg, etc.), forming a brown solution of 
Pd(NO,),. 

Finely-divided, precipitated palladium is soluble in hydrochloric 
acid when exposed to the action of air at the same time, and less 
readily soluble in sulphuric acid. It is readily attacked by fusing 
with potassium pyrosulphate, forming soluble palladium sulphate, 
PdSO«. 

The best solvent for palladium is aqua re^. 

Finely-di^ded palla^um has the very characteristic property 
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of being able to adsorb almost 700 times its own volume of hydro* 
gen, and possesses consequently a very strong catalytic action. 
If hydrogen and oxygen (air) arc conducted at the same time over 
some gently-ignited, finely-divided, metallic palladium, the hydro- 
gen is burnt to water, and in the same way carbon monoxide may 
be changed to carbon dioxide. Methane, however, is only decom- 
posed by igniting the palladium more strongly, so that this gives us 
a method for separating methane from a mixture of H and CO (cf. 
Vol. 2, Gas Analysis). 

Palladium forms two oxides, both of which possess strongly basic 
properties: PdO and PdO^. From the former the palladous, and 
from the latter the palladic, compounds arc derived. The palladous 
compounds arc much more stable than the palladic compounds, 
and the latter constantly exhibit the tendency to change into the 
former. 

By dissolving finely-divided palladium in hydrochloric acid, 
palladous chloride is obtained; or, better, by dissolving the metal 
in aqua regia, in which case a mixture of palladous and palladic 
chlorides is at first obtained. If this solution, however, is evapo- 
rated to dryness, palladic chloride loses chlorine and is completely 
changed into palladous chloride, so that on treating the residue 
with water a solution of palladous chloride is obtained. Since 
palladic chloride is decomposed completely by evaporation, it is 
evident that palladic chloride cannot exist in hot solutions. 


REACTIONS IN THE WET WAY. 

^ . 

(a) PaUadtma Compoundt. 

A solution of palladous chloride, PdCl,, should be used. 

1. H,S precipitates black palladous sulphide from acid and neu- 
tial solutions. The precipitate is insoluble in ammonium sulphide, 
PdS, but soluble in boiling hydrochloric acid, or more readily in 
aqua regia. 

2. KOH or NaOH precipitates a brown basic salt, soluble in an 
excess of the reagent. If the solution is acidified with HC3, KOH 
produces no precipitate (difference from platinum). 

3. na,CO, produces a brown precipitate of palladous hydnndde^ 
soluble in excess but reprecipitat^ on boiling. 
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4 . NH4PH gives a ilesh-colored precipitate of [Pd(NH3)2Cl2]ii* 
soluble in an excess of ammonia, forming a colorless solution (con- 
taining palladodiamine chloride, Pd(NH3)4Cl2), from which yellow 
crystalline palladosamine chloride, Pd(NH3)2Cl2, is precipitated on 
the addition of hydrochloric acid. The latter compound is diffi- 
cultly soluble in dilute hydrochloric acid and is used for the prepara- 
tion of pure palladium. 

In a solution of palladous nitrate, ammonia causes no precipita- 
tion, but forms colorless palladodiamine nitrate, Pd(NH3)4(N03)2. 

5 . NH4CI forms a soluble complex salt: [PdCl^^CNHdj. 

6. KCl, when added to a concentrated solution, causes the pre- 
cipitation of difficultly-soluble, reddish-brown PdCl4K, (octahe- 
drons). 

7 . HI or KI produces a black precipitate of palladous iodide, 
even in very dilute solutions. The precipitate is insoluble in 
water, alcohol, ether, and HI, but soluble in KI and NH,. (This 
wd the following reaction are characteristic for palladium.) 

8. Hg(CN), produces a yellowish-white gelatinous precipitate 
of palladous cyanide, Pd(CN),, difficultly soluble in HCl, readily 
soluble in KCN and NH,. On being ignited, the spongy metal 
remains. 

9 . Reducing Agents. — formic acid (HCOOH), Zn, Fe, 
FeS04, Cu,Cl,,t alcohol, and CO t reduce palladiiun salts to the 
metal itself. 

In the presence of HCl, stannous chloride fonhs at first a red, 
then a brown, and finally a green, solution; but in the absenceof the 
acid, SnCl, causes a partial reduction to the metal, while the solution 
turns green. 


* This compound is an isomer of palladosamine chloride, and is often 
written thus: PdClj,Pd(NH|),Cl,. 

t In the presence of considerable Nad or Hd there is no reduction with 
CuA. 

J Pdd, + CO 4- H,0 — 2Hd + CO, + Pd. This reaction enables us 
to ^tect small amounts of CO in gas mixtures; e.g., in the air. For 
this purpose the gas is led by means of a small drawn-out glass tube into 
10 c.c. of a solution which contains 1 mg. of Pdd, and 2 drops of dilute HCl. 
If CO is present, black Pd will be deposited, and the solution will become 
deoolorised little by little. (Potain and Drouin, Compt rend., 126, 938.1 
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(b) Palladic Compounds, 

These give the same reactions as palladous compounds, on ac- 
count of their being readily changed into the latter. The principal 
difference, however, is the insolubility of the ammonium salt of 
hydrocldorpalladic acid. If a concentrated, cold solution of pallar 
dous chloride is shaken with chlorine water and then treated with 
ammonium chloride, a red crystalline precipitate of [PdCy(NH 4 ), 
is soon formed. 


REACTIONS IN THE DRY WAY. 

All palladium compounds are decomposed on ignition, leaving 
behind the metal, which is soluble in nitric acid or in aqua regia, and 
the solution thus obtained can bo tested by the above reactions. 

Rhodium, Rh. At. Wt. los.o. 

Sp. Gr. » 12.6. 

Properties . — Rhodium possesses the color and lustre of alumin- 
ium; it is more infusible than platinum, its melting-point lying 
above 2000° C. ; on cooling the hot metal it sputters and ailpears 
bluish, owing to oxidation. The solubility of rhodium depends en- 
tirely upon the fineness of the material. 

When precipitated from a solution of its chloride by means of 
formic acid or other reducing agents at a temperature not exceeding 
100“ C., it exists in an extremely finely-divided state (rhodium- 
black) and dissolves readily in boiling concentrated sulphuric acid, 
or more readily in aqua regia. If, however, the fincly-divitled metal 
is ignited strongly, it becomes (like the compact metal) almost in- 
soluble in aqua regia. 

If rhodium is alloyed with other metals (Pb, Zn, Bi, Cu, etc.), it 
is left in a finely-divided condition after treatment of the alloy with 
acids, and is consequently soluble in aqua regia. W^hen it is alloyed 
with much platinum or palladiiun a considerable amount of rho- 
dium will dissolve in aqua regia; but when it is alloyed with a little 
platinum, most of the rhodium and a part of the platinum remain 
undissolved. 

On being fused with potassium pyrosulphate, potassium rhodium 
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.sulphate is,formcd, which dissolves in water, forming a yellow solu- 
tion, but becomes red on the addition of HCl. 

Rhodium forms three oxides: RhO, Rh,0„ and RhO,; all pos- 
sess a welWefined basic nature. The sestjuioxide, Rh^O,, alone * 
forms a series of salts, of which sodium-rhodium chloride is the most 
important for the analytical chemist; for when in tiiis form it is 
easiest to bring rhodium into solution. This salt is prepared by 
mixing the finely-divided metal very intimately with twice as much 
dry sodium chloride, placing it in a porcelain boat and gently ignit- 
ing it in a current of moist chlorine gas. The salt thus formed has 
the composition [RhCl,]Na,, and is soluble in water (45 parts of 
water dissolve 1 part of the salt). From this solution large, 
dark-red, glistening triclinic prisms of [RhCl,]Xa,+ 911,0 can be 
crystallized out. 

REACTIONS IN THE WET WAY. 

A solution of sodium rhodium chloride should be used. 

1. H,S precipitates (very slowly in the cold, but much more 
quickly on wanning) black rhodium sulphide, Rh,S,; insoluble in 
(NHiijS, soluble in boiling nitric acid. 

2. KOH and NaOH produce at first no precipitate; but after 
standing some time a yellow precipitate of rhodium hydroxide, 
Rh(OII,)+ 11,0, separates out. The precipitate is soluble in an 
excess of the reagent, but is rcprecipitated on boiling in the form of 
brownish-black Rh(OH),. 

If a solution of potassium rhodicsulphate were used, KOH pre- 
cipitates the yellow compound immediately. 

On adding KOH to a solution of rhodium chloride, at first no 
precipitate is produced; but on the addition of a little alcohol 
brownish-black rhodium hydroxide is deposited. 

3. NH4OH produces (in concentrated solutions and after stand- 
ing some time) a yellow precipitate of chlorpurpureorhodium chlo- 
ride, Rh(NH,) Ar insoluble in hydrochloric acid. 

4. KNO„ on being warmed with sodium rhodium chloride solu- 
tion, causes the precipitation of difficultly-soluble, orange-yellow 
Rh(NO,)^ soluble in HCl. 

* A sodium-rhodium sulphite of the formula 4Rh(SOj),6Na,f?Oj + 9H|0 
has been prepared by Bunsen. 
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5. Reducing Agents. — Formic add in the presence of ammo* 
nium acetate piedpitates the black metal, as does anc in the 
presence of adds. 

BEACnONS IN THE PBT WAT. 

All rhodium compounds are reduced to metal on bdng heated in 
a stream of hydrogen, or by heating on charcoal with sodium car* 
bonate before the blowpipe. The metal is easily recognized by its 
insolubility in aqua regia, its being brought into solution by fusing 
with potasdum pyrosulphate and then treating with water, and by 
the formation of the brown hydroxide when KOH and a little alcohol 
are added to tbe solution thus obtained. 

OSMIUM, Os. At. Wt. 191. 


Sp. Or. - 21.3-22.477. 

Osmium and ruthenium arc distinguished from the other plati- 
num metals by their forming volatile oxides. 

Properties.— The compact metal possesses a bluish-white color, 
very similar to zinc, and is the heaviest of all metals. It can be 
melted by healing in an electric furnace.* Very finely divided 
osmium is oxidized by the air f at ordinary temperatures, and at 
about 400° C. it ignites and bums rapidly to OsO„ which is volatile 
at 100 ° C. The denser the metal the higher the temperature 
necessary to effect the oxidation. 

Behavior towards Acids . — In the compact condition osmium is 
insoluble in all acids; but in the finely-divided state (as obtained 
by treating its zinc alloy with nitric acid) it is soluble in nitric acid, 
more soluble in aqua regia, and most soluble in fuming nitric acid, 
forming osmium tetroxide; the latter can be separated from the 
solution by distillation. 

Compact osmium is brought into solution by fusing with NaOH 
and either KNO, or KCIO,. The melt contains a salt of perosmio 
acid (OSO 4 ). 


* F. Mylius and R. Dietz, B. B., 1808, 3, 187. 
t Cf. (H. Sulc, Zeit. fOr anoigan. Chemie, XIX, 833. 
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Osmium fonns five oxides: 


_ OsO, 0a,0„ 

Omiouf oxi^, (prayiBh-blMk, Ofmium sesguioxide. black, 
inaolubM in Mids inBolubie in acids 


OsO,, 

Osmio oxide, black-gray, 
insoluble in acids 


[OsOJ, 

Osmic acid, known only in the 
form of its derivatives 


OsO,. 

Perosmic acid, colorless needles 
soluble in water 


omnium tetroxide, OsO,, (the anhydride of perosmic acid,) is the 
most important osmium compound in the eyes of the analytical 
chemist, and is obtained by the oxidation of the substance in the air 
by dissolving the finely-divided metal in fuming nitric acid or in 
aqua regia, or by fusing with NaOH and KNO, or KCIO,, treat- 
ing the melt with nitric acid and distilling. Osmium tetroxide is a 
colorless, crystalline mass which sublimes at comparatively a low 
temperature and melts, forming colorless vapors at 100° C. The 
vapor has a chlorine-like odor, attacks the mucous membrane, and 
is poisonous. 

The chlorides of osmium can only be obtained in the dry way; 
OsCl,, OsCl,, OsOl, are known. The potassium salt of the hypo- 
thetical hydrochlorosmic acid, HjOsCl,, forms dark-red octahedrons, 
soluble in water and decomposed by boiling the solution. By 
hcqting finely-divided osmium with KCl in a current of chlorine, 
KjOsCl, is formed; it dissolves in cold water, forming a red solu- 
tion. 


REA.C?nONS IN THE WET WAY. 

A solution of K,OsCl, should be used. 

1. If a solution of osmium chloride is treated with dilute nitric 
add, the mixture distilled from a small retort, and the vapors re- 
ceived in caustic soda solution, the latter wnll be colored yellow, 
owing to the formation of potassium osmiate. If this solution is 
now acidified, osmium tetroxide is set free, and can be recognized 
by its very penetrating odor. On adding a little sodium thiosul- 
phate to the acid solution and warming, a biwvn precipitate of os- 
miiun sulphide is formed. 

2. H,S precipitates brownish-black osmium sulphide, insoluble 
in ammonium sulphide. 

3. KOH, NH,OH or K,CO. precipitate reddish-brown osmium 
hydroxide. 
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4. Reducing Agents. — If the solution of the chloride is treated 
with tannic acid or alcohol and a little . hydrochloric acid is 
added, it is colored dark-blue, owing to the formation of osmium 
dichloride, OsClj,; K1 colors the solution a deep reddish-purple. 
Indigo is decolorized by solutions containing OSO4. Ferroiis sul- 
phate precipitates black osmium dioxide; stannous chloride pro- 
duces a brown precipitate soluble in HCl, forming a brown solution. 

REACTIONS IN THE DRY WAY. 

All osmium compounds are reduced to metal on being heated in 
a stream of hydrogen. 

Ruthenium, Ru. At. Wt. 101.7. 

Sp. Gr. n 12.261, crystallized; 11.0, fused. 

Properties . — ^Ruthenium exists in the form of a dark gray or 
black powder, and in the form of bright porous sticks; it is brittle, 
can be powdered, and is melted in the oxyhydrogen flame. 

On being melted, a part of the nithenium is oxidized to ruthe- 
nium tetroxide, a volatile substance having a penetrating odor simi- 
lar to that of OSO4. The molten metal .spurts on cooling. 

Behavior towards Acids . — Ruthenium is almost completely in- 
soluble in all acids, even aqua regia. By fusing with KOII and 
KNO, (or KCIO3) it is oxidized to potassium rutheniate, IV3RUO4. 

On heating with NaCl in a current of chlorine, soluble K^RuC!!^ is 
formed. The solution in water of the greenish-black melt is of an 
orange-yellow color, and colors the human skin black. Ruthenium 
is unaffected by fusing with potassium pyrosulphate. 

It forms the following oxides: 

RuO, RUjOj, RuOj, [RuO,], [RUjO,], RUO4. 

The most important of the oxides is RUO4. It is formed: 

(а) By roasting the metal itself, or its oxide, above 1000® C. 
(osmium formed the volatile tetroxide at 400® C.). 

(б) By fusing the metal with KOH and KNO, in a silver cruci- 
ble, dissolving the melt in water, saturating the cold solution with 
chlorine gas, icnd distilling the solution from a small retort: 

KRu 04 +a«Ka+Ru 04 . 



RUTHENIUM. 455 

(c) By treating the solution of potassium-ruthenium chloride 
with KOH and Cl, and subsequently distilling. 

(d) By distilling potassium-ruthenium cMoride with KGO, and 
HO. 

By distilling a dilute solution after the addition of nitric acid no 
RuOt will be evolved (difference from osmium). 

Ruthenium tetro.xidc forms gold-yellow, glistening orthorhom- 
bic needles that are very volatile and emit a characteristic odor; it 
boils at 100® C. and is only slightly soluble in water. It is changed 
by the addition of alcohol and IICl into ruthenium trichloride, 
RuCl, (or sesquichloridc, Ru,Cl«). If the solution of the latter salt is 
made ammoniacal, treated with sodium thiosulphate and warmed, 
an intense reddish-violet coloration will be produced. (This is a 
very sensitive and characteristic reaction.) 

On treating a solution of potassium rutheniate with nitric acid, 
black Ru(OH), is precipitated; it dissolves in hydrochloric acid, 
forming a yellow solution of RuCl,. 

REACTIONS IN THE WET WAV. 

A solution of RuCl, should be used. 

1. H,S produces no precipitation at first, but after some time the 
solution becomes azure-blue, and brown ruthenium sulphide is pre- 
cipitated (very sensitive and characteristic). 

2. (NH 4 ),S precipitates the brownish-black sulphide, difficultly 
soluble in an excess of the reagent. 

3. KOH and NaOH precipitate black ruthenium hydroxide, 
Ru(OH),, soluble in acids but insoluble in alkalies. 

4. KCNS, in the absened of other platinum metals, produces 
gradually a red, then purple, and on warming a violet, coloration 
(very characteristic). 

5. KNO, imparts an orange-yellow color to the solution, owing 
to the formation of IVjRufNO,)*, becoming a beautiful dark red on 
the addition of a little colorless ammonium sulphide; on adding 
more ammonium sulphide, brown ruthenium sulphide is precip- 
itated. 

6. Zinc at first colors the solution of the chloride azure blue, 
but subsequently the solution is decolorized and ruthenium itself is 
precipitated. 
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7. Hydrozylamine reduces ruthenium tetrachloride to ruthe- 
nium trichloride (difference from platinum). 

UUDIUH, Ir. At. Wt. 193. 

Sp. Gr. 22.4. 

fVoperfies.— When produced by the ignition of iridium ammo- 
nium chloride, it is obtained in the form of a gray, spongy mass, 
very difficultly soluble in aqua regia. After being strongly ignited, 
it is almost completely insoluble in aqua regia. 

It is more soluble in aqua regia when it is precipitated from solu- 
tions in a very finely-divided form by means of formic acid, or when 
it is-alloyed with other metals (Au, Ag). The metal is unaffected 
by fusing with potassium pyrosulphatc (difference from rhodium). 
It is oxidized by fusing with NaOH and KNO, in a silver crucible, 
but the compound formed (lr,0, combined with sodium) is only 
partly soluble in water. If the melt is treated with aqua regia, 
however, a dark-red solution of Na^IrClt will be obtained. 

By heating the metal with NaCl in a current of chlorine, Na,IrCla 
is readily obtained. 

Iridium forms the following oxides: 

IrO, Ir-O,, IrO-, and the hydroxide Ir(OH)«. 

Black Bluiiin Inaek NeeiJlf^s with a Indiso-blua 

metallio lustre powder 

The dark-green color of the chlorides is very characteristic: 

IrCL and IrCL, IrCl 4 . 

Qieea Black 

REACTIONS IN THE WET WAY. 

• 

A solution of Na,IrCl« should be used. 

1. H,S at first decolorizes the solution, owing to the reduction of 
the tetrachloride to the trichloride, accompanied by the deposition 
of sulphur; subsequently brown Ir,8, is precipitated, readily soluble 
in (NH«)^S. 

2. (NH^l^S precipitates the same compound. 

3. NaOH, on being added to the solution, changes the color from 
dwk red to green; on warming the solution it is at firat colored 
reddish and finally azure blue: 

2Iia«-|- 2NaOH-2Ii<31,-J- Naa-1- H,0-1- NaOa 
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If the solution is now acidified with HG, a little alcohol * added 
and then some KCl, there will be no precipitation, because the 
KjIrCl® formed is readily soluble in water and in KCl solution (dif- 
ference from platinum). 

4. KCl precipitates brownish-black potassium iridium chloride, 
KjIrCle, insoluble in KCl and in alcohol, difficultly soluble in water. 

6. NH4CI precipitates dark-red ammonium iridium chloride, 
(NH4)jIrCl<„ insoluble in a saturated solution of NH4CI. 

6. Reducing Agents usually change the solution to a greenish 
color, owing to the reduction of the tetrachloride to trichloride; 
or the solution is decolorized and the black, finely-divided metal 
is deposited. 

Thus if the solution is warmed with KNO, an olive-green color- 
ation is produced: 

IrCl4+ KXO, = IrCl3+ KC1+ NO,. 

If the solution is boiled for some time with an excess of KNO„ it 
becomes yellow, and a part of the iridium separates out in the form 
of a yellowish-white precipitate, difficultly soluble in cold hydro- 
chloric acid or in boiling water. The precipitate has the following 
composition: 

3K3lr(NO,),-K,IiC4. 

Oxalic acid, ferrous sulphate, stannous cUoride, and hydroxyl- 
amine reduce the tetrachloride to trichloride. Zinc reduces it to 
metal, and so does formic acid on warming in the presence of am- 
monium acetate. If considerable mineral acid is present, the re- 
duction takes place less readily. 

* 

RKACrtONa IN THE DRY WAY. 

On being fused with soda, the gray, brittle metal can be ob> 
tuned by the action of the upper reducing flame. It is insoluble in 
aqua re^a. 

Separation of the Platinum Metals. 

'Phe separation of the platinum metals is one of the most difficult 
tasks met with in analytical chemistry. If the metals are already 
in solution, the following table can be used to advantage. If, how* 


* The alcohol reduces NaOCl to NaCL 
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ever, the metals are present in a more compact form, it is quite 
difficult to bring them into solution. 

In the latter case the metal is handled in as finely-divided con- 
dition as possible (filings, etc.) and treated with aqua regia; this 
serves to dissolve the greater part of the platinum and palladium, 
as well as small amounts of rhodium and iridium. The residue 
(osmium, ruthenium, rhodium, iridium, and small amounts of plati- 
num and palladium) is dried, placed in a porcelain crucible and 
fused for some time with ten times as much zinc (or lead) in a cur- 
rent of illuminating-gas.* In this way the platinum metals are 
alloyed with the zinc. The mass is allowed to cool in the stream of 
illuminating gas, and is then treated with Hydrochloric acid to dis- 
solve out the zinc ; this leaves the platinum metals behind in a finely- 
divided state. They are filteretl off from the acid solution, dried, 
introduced into a porcelain boat, placed in a tube made of diffi- 
cultly fusible glass, and heated to dark redness in a stream of 
oxygen. 

The greater part of the osmium escapes as osmium tetroxide; it 
is absorbed by the caustic soda solution and tested according to the 
table. The residue is intimately mixed with sodium chloride and 
heated in a moist stream of chlorine. The mass is then dissolved in 
water and examined according to the table. 

If lead were used instead of zinc in the above procedure, the 
alloy should be treated with dilute nitric acid, which dissolves the 
lead and the greater part of the palladium. The lead is precipi- 
tated with the calculated amount of sulphuric acid, and the filtrate 
is tested for palladium by transforming it into palladosaminc chlo- 
ride, and then into palladimn cyanide. The residue from the nitric 
acid treatment is treated in the same way as when zinc was used.f 


* The operation can be vcr>' conveniently performed in a common clay 
pipe. The gas is conducted through the stem and ignited at the bowl. In 
way the gas contimmlly streams through the molten alloy, keeps it well 
stirred, and thereby yields a uniform alloy. 

t For an accurate separation of the platinum metals, consult the work of 
Sointe^llaire-Deville, Debray, and Stas; “ Proems verbaux du comit4 intemat. 
des poids et meeureev” 1877-1878 and 1870. 
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* jtfylius Md Diets. B. B.. 1898. 3187. They recommeDd this method for the qualUativ cxamioation only. 

t Chromic acid will imtfart a yellow <»r blue color to the ether and Feds a srellow color. • 

ai»«r '***'*^ Water, it is filtered off and the process repeated; if this does not suffice, it is examined for Ir + R« 
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ever, the metals are present in a more compact form, it is quite 
^fficult to bring them into solution. 

In the latter case the metal is handled in as finely-divided con- 
dition as possible (filings, etc.) and treated with aqua regia; this 
serves to dissolve the greater part of the platinum and palladium, 
as well as small amounts of rhodium and iridium. The residue 
(osmium, ruthenium, rhodium, iridium, and small amounts of plati- 
num and palladium) is dried, placed in a porcelain crucible and 
fused for some time with ten times as much zinc (or lead) in a cur- 
rent of illuminating-gas.* In this way the platinum metals are 
alloyed with the zinc. The mass is allowed to cool in the stream of 
illuminating gas, and is then treated with hydrochloric acid to dis- 
solve out the zinc ; this leaves the platinum metals behind in a finely- 
divided state. They are filtered off from the acid solution, dried, 
introduced into a porcelain boat, placed in a tube made of diffi- 
cultly fusible glass, and heated to dark redness in a stream of 
oxygen. 

The greater part of the osmium escapes as osmium tetroxide; it 
is absorbed by the caustic soda solution and tested according to the 
table. The residue is intimately mixed with sodium chloride and 
heated in a moist stream of chlorine. The mass is then dissolved in 
water and examined according to the table. 

If lead were used instead of zinc in the above procedure, the 
alloy should be treated w'ith dilute nitric acid, which dissolves the 
lead and the greater part of the palladium. The lead is precipi- 
tated with the calculated amount of sulphuric acid, and the filtrate 
is tested for palladium by transforming it into palladosaniine chlo- 
ride, and then into palladium cyanide. The residue from the nitric 
acid treatment is treated in the same way as when zinc w^as used.t 


♦The operation can be very conveniently performed in a common clay 
pipe. The gas is conducted through the stem and ignited at the bowl. In 
this way the gas continually streams through the molten alloy, keeps it well 
stirred, and thereby yields a unifonn alloy. 

t For an accurate separation of the platinum metals, consult the work of 
Sainte-Claire-Deville, Debray, and Stas: Proeds verbaux du comitd intemat, 
des poids et mesurei^” 1877-1878 and 1879. 
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Alkalies, Concentrations of, 31 
Alkalies, Reactions of, 36, 410 
Alkalies, Separation from Magne- 
sium, 51 

Alkalies, Separation from Group 111, 
142 

Alkaline Earths, 53 
Alkaline Earths, Separation from 
Alkalies, 51 

Alkaline Earths, Separation from 
Group 111, 142 

Alkaline Earths, Sulphites, 303 
Alkaline Eartlis, Sulphites and Thio- 
sulphates, 337 

Alkaline Reaction of Solutions, 394, 
400 

Alkaline Solutions, Note Concern- 
ing, 392 

Alloys, Analysis of, 399 
Aluminium, 69 

Aluminiuim Detection in the Pres- 
ence of Organic Substances, 74 
Aluminium, Separation from Fe, Cr, 
and tl, 112 
Alunite, 69 

Ammonia, see Ammonium 
Ammonia in Drinking Water, 46 
Ammonium, Reactions of, 44 
Ammonium Carbamate, 55 


Ammonium Chloride, Use of, 16, 50 
Ammonium Molybdate, Reagent, 189 
Ammonium Salts, Ignition of, 48 
Ammonium Sulphicm Group, 69,412 
Ammoniugi Sulphide Group, Analy- 
sis of, 144, 145 
Amygdaline, 269 
Analysis, Course of, 364 
Anatase, 108 
Anslcsite, 54, 156 
Anhydrite, 54 
Anions, 12 

Anions, Examination for, 380, 394 
Anions, Preliminary Examination 
for, 369 

Anions, Reactions of, 243 
Annabergite, 126, 132 
Antimonic Compounds, 205 
Antimony, 199 

Antimony, Separation from Other 
Metals of H:;S Group, 226, 386 
Antimony Trioxide, 200 
Apatite, 54, 180 
Aqua f^ia, 247 
Aragonite, 54 
Aigentite, 237 
Arrhenius, Ion Theory, 11 
Arsenic, 180 

Arsenic, Detection in Wall Papers, 
195 * 

Arsenic Acid, Reactions, 187 
Arsenic Pentoxide, 186 
Arsenic Trioxide, 181 
Arsen ious Acid, lieactions, 183 
Arsenolite, 180 
Arsenopyrite, 180 

Arsine (Anseniuretted Hydrogen), 
191 

Asbestos, 49 
Atacamite, 168 
Augite, 49 

Autenrieth and Windaus, Solubility 
of the Sulphites and ThiosulphatM 
of the Allraline Earths, 337 
Aaurite, 168 
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B. 

BaritOi 59 
Barium, 59 

Barium, Separation from Calcium 
and Strontium, 62, 391 
Barium Chloride Test, 397 
Barium Sulphate, Decomposition of, 
60 

Bases, see Alkalies and Anions 
Bases, Dissociation of, 14 
Bead Tests, 23, 366 
Benzaldehyde, 269 
Beryl, 412 
Berj’lllum, 412 
Berzelianite, 432, 441 
Bcrzclius-Maish Test, 190 
Bismite, 163 
Bismuth, Reactions, 163 
Bismuth, Separation from Other 
Metals of iffS Group, 179, 226, 386 
Bismuthenite, 163 

Bismuth-sodiuni Thiasulphato Re- 
action, 30 
Bismutite, 163 

Blockinann, Strength of Reagents, 30 
Blowpipe Reactions, 28, 368 
Bog Ore, 88 

Boracic Acid, sec Boric Acid 
Borates, Solubility of, 309 
Borax, 40, 309 
Borax Be^s, 23, 312 
Boric Acid, 309 
Braunito, 113 
Breithauptitc, 120 
Bromine (free). Reactions, 261 
Bromine, Detection in Non-clcctro- 
lytes, 261 

Bromine, I3ctection in rrcscncc of Cl 
and 1, 268 
Bnsjkite, 108 

Brucine Ileaction, 289, 341 
Brucine, Reagent, 341 
Bunsen ite, 126 

C. 

Cacodjrl Oxide, 296 
Cadmium, Reactions, 175 
Cadmium, fk^iiantion from Other 
Metals of II, S Group, 179, 226, 386 
Cadmium, Separation from Am- 
monium Sulphide Group, 178 
Cirsium, Reactions, 407 
Calamine, 138 
Calaverite, 444 
Calcite, 54 

Calcium, Reactions, 54 


Calcium, Separation from Ba and 
Sr, 62, 391 
Calcium Carbide, 57 
Calcium N it ride , 57 
Calcium Phosphide, 57 
Calomel, 154 

Carbamate of Aminoni\im, 55 
Carbides, Solution of, 379 
Carbon Disulphide, Detection of, 174 
Carl)o:iatcs, llehavioroii Ignition, 308 
Ctirbonates, Solubility of, 300 
Carbonic Acid, Dissociation of, 14 
Carbonic Acid, Reactions, 305 
Camalliic, 49 

Carnallitc, Dissociation of, 10 
Carnot, Defection of Potiissium, 39 
Caro’s Acid, 347 
Cassiterite, 210 
Cation-*, Reactions of, 36 
Caustic Alkali, Detection in Presence 
of Carbonates, 403 
Odestite, 58 

C’eric Compounds, Reactions, 419 
(Vrite, Analysis of, 426 
Cerito Metals, 418 
Ci*rium, 418 

CVrous (.^impounds, Reactions, 418 
Cerussite, l.^> 

Chalcedony, 355 
Chalcocite, 168 
‘^Chaml)er Acid,” 157 
Clmrroal Reductions Before the 
Blowpiiw. 28, 3(>8 
Cliarcoal Sti(;k Reactions, 24 
Chili Saltpetre, 40 
Chloanthite, 126 
Cfilomtes, 343 

Chloric Acid, Relictions, 343 
Chloric Acid, Detection in the Pres- 
CMice of IINO, and HCl, 344 
(’Idorides, Behavior on Ignition, 251 
Chlorides, Solubility of, 248 
(liloriric (fnr), Reactions, 25;i 
Chlorine, Detection in Non-elect!x>- 
lytes, 251 

Chforine, Detection in Presence of 
Br and 1 , 26S 
Chromates, 79 
(’hroinic Acid, Reactions. 85 
Chromic; Acid, Oxidation ny Means of, 
6. S2 

rimimic Compounds, Reactions^ 77 
Chromite, 76 

Chmmite, Analysis of, 378 
Oiromium, 76 

Chroinitim, Seimration from Fe, 
Al, and U. 112, 388 
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Chromium Peroxide, 76 

Chromous Oompounds, Reactions, 76 

Chrysoberyl, 412 

Cinnabar, 14(5 

Citrates, Solubility of, 318 

Citric Acid, 318 

Claudetitc, 180 

Claustalite, 441 

Clay, 69 

Closed-tube Test, 26, 365 
Cobalt, Rc4ictions, 132 
Cobalt, Separation from Mn, Ni, and 
Zn, 143, 38S 
Cobalt ito, 132 

Coil in Test for Selenium, 443 
Colloidal Substances, 70 
Color Imparled to the Flame, 23, 368 
Colonuioite, 444 
Complex Ions, 17 
^noentration of Reagents, 30 
Confirmatory Test, 2 
Coppe*, 168 

Copper, Separation from Other Metals 
of 11, S (-in)up, 179, 226, 386 
Copper, Separation from (NH 4 ) 2 S 
Group, 17S, 382 
ConuKiU n, 69 
Course of Analysis, 364 
Cream of Tartar, 314, 317 
Croooite, 7«> 

Crookesite, 432 
Cryolite, 349 

Cupric Compounds, Reactions, 171 
Cupric Xanthogenate, 173 
Cuprite, 168 
Cuproscheelite, 439 
Cuprous Compounds, Reactions, 170 
Cuprous Xanthogenate, 174 
Cyanates, Solulmity of, 297 
Cyanic Acid, 2t)7 

Cyanides, see Cyanogen Compounds 
Cyanides, Rchavior on Ignition, 274 
Cyanides. Complex Com|>ound.s, 93 
Cyanides, necomi>osit ion of, 378 
Cyanogen, Complex Compounds of, 
93, 94, 95 

Cyanogen ComiKmnds, Decomposi- 
tion of, 102, 378 

D. 

Denig6*s Roat^ont, 319 
Devarda’s Alloy, 6 
Ddville, St. Claire, 9 
Diaspore, 69, 88 
Dicyanogen, 275 
Didymium, 428 
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Diphenylamine, Reagent, 288, 340 
Dissociation, 9 

Dissociation, Infiuenoe of Concen- 
tration upon, 15 

Dissociation of Carbonic Acid, 14 
Dissociation of Carnallite, 10 
Dissociation of Electrolytes, 14 
Dissociation of Hydrogen Sulphide, 

Dissociation of Phosphorus Penta- 
chloride, 9 

Dissociation of Sodium Carbonate, 14 
Dissociation of Sodium Sulphide, 14 
Dissociation of Water, 19a 
Dithiouate of Manganese, 124 
Division of Metals into Groups, 29 
Dolomite, 49 

Drinking Water, Ammonia in, 46 
Dry Reactions, 19/, 365 


E. 

Electrolytes, 12 

Electrolytes, Degree of Dissociation, 
14 

Electrolytic Dissociation, 11 

Emery, 69 

Emplectite, 163 

Epsom it e, 49 

Erbium, Reactions, 416 

Eiythrite, 132 

Ethyl Acetate, 296 

Ethyl Xanthogen Disulphide, 174 

Ethylene Platinous Chloride, 236 

Eucairite, 441 

Euclase, 412 

Euxenite, 415 

F. 

Feldspar, 36 
Ferlxjrite, 439 

Ferric Compounds, Reactions, 97 
Ferric Compounds, Reduction of, 11 
Ferricyanidcs, 279 

Fcrricyanides, Decomposition on Ig- 
nition, 102, 281 
Ferroc van ides, 276 
Ferroeya’iides, Ih composition on Ig- 
nition, 102, 279 
Ferrous Compounds, 00 
Ferrous Compouiuls, Oxidation of, 4 
Ferrous Oxide, Detection in Presence 
of Iron, 96 
Filters, Size of, 19 
Filtration, 19 
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Fischer, Emil, Detection of Hydro- 
gen Sulphide. 292 
Flame, Farts of, 20 
Flame Reactions, 23, 368 
Flame Spectra, 63 
Fluorides, Analysis of, 353, 378 
Fluorides, Solubility of, 350 
Fluorine, Detection in Insoluble 
Fluorides, 352 
Fluorite, 349 
Formic Acid, 270 
Franklinite, 138 

Free Alkali in Presence of Carbon- 
ates, 403 

Free Chlorine, 253 
Fulgurator, 67 
Fusibility, Test of, 22 

G. 

Gadolinite, 416 
Gadolinite, Analysis of, 426 
Gadolinite Metals, 416 
Galena, 156 
Gamierite, 126 

Gas, Composition of Illuminating, 20 
“ Gas-water,*' 269 
Gersdorffite, 126 

Gold, Detection of Small Amounts in 
Allo^ and Ores, 230, 2Zl 
Gold, Reactions, 224 
Gold, Separation from Platinum, 237 
GOthite, 88 
Greenochite, 175 

Greiss, Peter, Detection of Nitrous 
Acid, 287 

Groups, Division of Acids into, 243 
Groups, Division of Metals into, 29 
Guldbeig and Wa^, ''Ijiw of 
Chemical Mass-action,’* 9 
Gutzeit Test for Arsenic, 197 


H. 

Halite, 40 

Halomns, Detection of HCl, HBr, 
ana HI in the PresenoB of One 
Another, 268 

Halogens, Oxidation by, 4 
Hausmannite, 113 
Hematite, 88 
Hornblende, 49 
Horn Silver, ^37 
Hiibnerite, 439 
Hyalite, 355 
Hydriodic Acid, 262 


Hydriodio Acid, Detection 4n the 
Presence of HCl and H^r, 268 
Hydriodic Acid, Reduction by, 8, 11 
Hydrobromic Acid, 258 
Hydrobromic Acid, Detection in the 
Presence of HCl and HI, 268 
Hydrochloric Acid, 245 
Hydrochloric Acid, Detection in the 
Presence of HBr and HI, 268 
Hydrochloric Acid, Detection in the 
Presence of HNO, and HCIO3, 344 
Hydrochloric Acid, Oxidation by 
Nitric Acid, 247 

Hydrochloric Acid, Oxidation by 
Peroxides, 246 

Hydrochlorplatinic Acid, Reagent, 
37, 234 

Hydrocyanic Acid, 269 
Hydrocyanic Acid, Detection in the 
Presence of liydroforrocyanic Acid, 
278 

Hydroferricyanic Acid. 279 
Hydroforrocyanic Acid, 276 
Hydroferrocyanic Acid, Detection in 
the Presence of HCN, 278 
Hydrofluoric Acid, 349 
Hydrofluosilicic Acid, 354 
Hydrogel, 70 

Hydrogen, Reduction by, 6 
Hydrogen Peroxide, 41 
Hydrogen Peroxide, Oxidation by, 5 
Hydrogen Peroxide, Reduction of 
Peniianganate, 125 
Hydrogen Sulphide, see Hydrosul- 
phunc Acid 

Hydrogen Sulphide, as Reducing 
Agent, 7 

Ilycmigen Sulphide, Detection in 
Presence of and 11,^09, 336 
Hydrogen Sulphide, Dissociation of, 
14 

Hydrolysis, 19 

Hydrolysis of Ferric Salts, 97 
Hydrolysis of Titanium, 110 
Hydrosol, 70 

Ilydrosulphuric Acid, 289 
Hydroxyl Ions, Detection in Pres* 
ence of Carlx>nates^ 403 
H3rpochlorites, Solubility of, 256 
Ilypochlorous Acid, 255 
HypophoNphites, Solubilil^ of, 290 
Hypophosphorous Acid, 299 

I. 

IlluminatinMas, 20 
Indicators, Theory of, \9d 
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Indigo, 254 

Infusible i’recipitate, 149 
•Insoluble Substances, Analysis of, 376 
lodates. Solubility of, 324 
Iodic Acid, 324 
Iodide of Starch, 267 
Iodides, Solubility of, 263 
Iodine, Detection in Non-electrolytes, 
265 

Iodine, Detection in Presence of 
Bromine, 268 
Iodine, Free, 265 
Iodine, Reactions of, 265 
Ion Theory, 11 
Ions, Reactions of, 16 
Iridium, 456 
Iron, ^ 

Iron, Detection in the Presence of 
Ferrous Oxide, 96 
Iron, Rusting of, 92 
Iron, Separation from Al, Or, and U, 
112 

Iron, State of Oxidation in Original 
Substance, 388 
Isatine, 254 

J. 

Jasper, 355 

K, 

Kaolin, 69 
Kermesite, 200 
Kieserite, 49 
Klaproth, 104 
Krennerite, 444 

L« 

Lacmoid, 19 
Lanthanum, 421 
Laxmannite, 76 
Lead, Reactions, 156 
Lead, Separation from Ag and Hg^, 
242, 385 

Lead, Separation from Other Metals 
of HjS Group, 226, 386, 179 
Lead, Separation from Ammonium 
Sulphide Group, 178 
Lead Acetate (Sugar of Lead), 295 
Lead Sulphate, Solution of, 377 
Lehrbachite, 441 
Lepidolite, 408, 409 
Leucophanite, 412 
liebigite, 104 
LimoTute, 88 
Liquids, Analysis of, 400 


Litharge, 158 
Lithium, 409 
Ldllingite, 180 

M. 

Magnesia Mixture, 327 
Magnesite, 49 
Magnesium, Reactions, 50 
Ma^esium, Reduction with, 26 
Ma^esium, Separation from Alka- 
lies, 51, 393 
Magnetite, 49, 88 
Malachite, 168 
Manganese, 113 

Manganese, Separation from Ni, Co, 
and Zn, 143, 388 
Manganic Acid, 122 
Manganite, 113 
Manganites, 115 
Manganous Compounds, 1 17 
Marcasite, 88 

Marsh Test for Arsenic, 190 
Mass-action Law, 9 
Mass-action Law, Applied to Hy- 
drolysh of Bismuth Solutions, 164 
Mass-action Law, Applied to Precipi- 
tation I y Ammonia, 50 
Mass-action Law, Applied to Pre- 
cipitation by Hydrogen Sulphide, 
91 

Mass-action Law, Applied to Re- 
duction of Ferric Salts, 287 
Meerschaum, 49 
Meliphanite, 412 
Meltmg-points, 22 
Menaccanite, 108 
Mercuric Compounds, 147 
Mercuric Mercury, Separation from 
Other Metals Precipitated by 
H 2 S, 179, 226, 386 

Mercuric Mercury, Separation from 
Ammonium Sulphide Group, 178 
Mercurous Compounds, 153 
Mercurous Mercury, Separation from 
Ag and Pb, 242, 385 
Mercunr, 146 
Metalloids, 243 

Metals, Division into Groups, 29 
Metals, General Tables for the Ex- 
amination of, 382 
Metaphosphates, Solubility of, 322 
Metaphasplioric Acid, 321 
Metastannic Acid, 218, 377, 

Methyl Orange, 19e 
Methylene Blue, 292 
Mica, 60 
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Mcrocosmic Salt, see Phosphorus, 
Salt of 
Millerite, 126 
Miinetite, 156, 189 
Minium, 158 

Molylxlate of Ammonium, 189 
Molybdenum, lleactions, 437 
Monazite, 414 
Monticellite, 49 
Mottramite, 434 
MuscovitOi 36, 69 

N. 

Nagyagite, 224 
Natrite 40 
Naumannite, 441 
Neodymium, 428 
Ncsslcr’s Reagent, 47, 150 
Newjanskite, 447 
Niccolite, 126 
Nickel, Reactions, 126 
Nickel, Sepanition from Mh, Co, and 
Zn, 143, 388, 400 
Niobium, 4;10 
Nitrates, Solubilit)r of, 339 
Nitric Acid, Detection in the Presence 
of Nitrous Acid, 341 
Nitric Acid, I>ctcction in the Presence 
of HCIO. and HCl, 344 
Nitric Acid, Oxickition with, 4 
Nitric Acid, Oxidation of Hydro- 
chloric Acid, 247 
Nitric Acid, Reactions, 337 
Nitrites, Solubility of, 286 
Nitrose, 285 

Nitrosoplatinic Chloride, 235 
Nitrosyl Chloride, 247 
Nitrosyl Sulphuric Acid, 285 ^ 
Nitrous Acid, Detection in the 
Presence of ilNOj,, 341 
Nitrous Acid, Reactions, 284 
Noumeite, 12^ 

O. 

Olivine, 49 
Onofritc, 441 

Organic Afatter, Removal of, 73, 125, 

385 

Organic Substances, Tests for Halo- 
gens, Sulphur, etc., 252, 201, 265, 
293 

Orpiment; 180 
Orthite, 418 
Orthoclase. 69 
Osmic Acia, 458 


Osmium, Reactions, 452 
Oxalates, Behavior on Ignition, 314 
Oxalates, Solubility of, 313 
Oxalic Acid, 312 

Oxalic Acid, Detection in Preliminaiy 
Examination, 384 

Oxalic Acid, Oxidation by Perman- 
ganate, 125 

Oxidation, Definition of, 3 
Oxidation by Chromic Acid, 6, 82 
Oxidation by Halogens, 4 
Oxidation by Hydrogen Peroxide, 5 
Oxidation by Nitric Acid, 4 
Oxidation by Pennanganic Acid, 5, 

123 

Oxidation of One Molecule at Ex- 
pense of Another Similar One, 122 
Oxidation of HCl by UNO, 246 
Oxidation of HCl by Peroxides, 247 
Oxidation and Reduction in Vitreous 
Fluxes, 23 

P. 

Palladic Compounds, 450 
Palladium, 447 
Palladodiaminc Cliloridc, 449 
Palludosamine Chloride, 449 
Palladous Coinnotinds, 448 
Perchloric Aciu, 345 
Permanganates, see Pennanganic 
Acid 

Pennanganic Acid, 122 
Pennanganic Acid, Oxidation by, 5, 

124 

Perriwjskit, 108 
Peroxide of Hydrogen, 42 
Peroxide of Sodium, 41 
Peroxides, Solution of, 378 
Peroxides, Test for, 400 
Peixiilphuric Acid, 346 
Petallite, 400 
Phenolphtlialelii, 19e 
Phosplmles, Solubility of, 326 
Phosphides, Solution of, 379 
Phosphites, 319 

Phasi>horic Acid, I>eteetion in Pre* 
liminniy Examination, :184 
Pliosphonc Arid, Reactions, 326 
Phosphorous Acid, lU^actions, 319 
PhosphoniH, 331 

Phosphorus, Detection of, in Iron and 
Steel, 329 

PhosphoniH, Salt of, 331 
PhosplioruH Pentachloride, DisMxda* 
tion of, 9 
Pitch-blende, 104 
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Platinio Chloride, see Hydrochlor- 
platinic Acid 
Platinum, Reactions, 232 
Platinum, Scpa ration from Gold, 237 
Platinum Metals, 447 
Platinum Residues, Treatment of, 236 
Flattneritc, 413 
Plumbic Acid, 159 
Polianite, 113, 413 
Potash, 36 

Pot ssium Acid Sulphate Fusion, 73 
Potassium Chlorplatinate, Solubility 
of, 37 

Potassium Percarbonate, 125 
Potassium Persulphate, 346 
Potassium Pyroantimonate, 208 
Potassium Pyrosulphate, Fusion with, 
73 

Potassium, Reactions, 36 
Potassium, Reduction with, 26 
Powellite, 437 
Praseodymium, 428 
Precipitates, Washing of, 19 
Preliminaty Examination, 365 
Proustite, 180 
Prussian Blue, 100 
Prussiato of Potash, Yellow, 276 
Prussiate of Potash, Red, 279 
Prussic Acid, 269 
Pseudo Acids and Bases, ^9d 
Pyragryrite, 200 
I^rite, 88 
Pyrochlore, 415 
I^rolusite, 113 
Pyromorphite, 156 
P^phosphates, Solubility of, 323 
Pyrophosphoric Acid, Reactions, 323 
Pyrosulpliate of Potassium, Fusion 
with, 73 

Q. 

Quartz, 355 

R. 

Rare Earths « Reactions, 422 
Rare Elements, 407 
Rare Elements in Rocks, 436 
Reaction, Definition, 1 
Reactions, Sensitiveness of, 29, 33 
Reactions in the Dry Way, 19 
Reactions in the Wet Way, 1 
Reactions Used for Qualitative 
Analysis, 1 
Reagent, 1 

Reagents, Concentration of, 30 
Red Lead, 158 
Reduction, Definition, 6 


Reduction by Nascent Hydrogen, 6 
Reduction by Devarda’s Alloy, 7 
Reduction by Hydrogen Sulphide^. 
7 , 381 

Reduction by Stannous Chloride, 8 
Reduction in a Glass Tube, 26 
Reduction in Upper Reducing Flame,. 

Reduction on Charcoal, 28 
Reduction on Charcoal Stick, 24 
Reduction with Sodium, Potassium^, 
and Magnesium, 26 
Reinite, 439 

Reinsch Arsenic Test, 198 
Rhodium, 450 
Rochelle Salt, 314 
Rock Salt, 40 
Rubidium, Reactions, 408 
Ruby, 69 

R isiing of Iron, 92 
R itlicnium. Reactions, 454 

S. 

St. Claire Ddville, 9, 459 
Salt of Phosphorus Beads, 23^ 
Saltpetre, 36 
Salts, Dissociation of, 14 
Salts, Hydrolysis of, 19 
Salts, Solubility Table of, 372 
Samarskite, 104, 415 
Sapphire, 69 
Ccncclite, 439 

Selenic Acid, Reactions, 443 
Selenious Acid, Reactions, 442 
Selenites, 442 
Selenium, 441 
Senannontite, 200 
Sensitiveness of Reactions, 29, 33 
Separation of the Five Metal Groups^ 
from One Another, 382 
Separation of the Metals of Group I, 
242, :185 

Separation of the Metals of Group 11, 
179, 226, 386 

Separation of the Metals of Group- 
ill, 112, 144,388, 390 
Separation of the Metals of Group 
IV, 62, 391 

Separation of the Metals of Group 
V 51,393 

Separation of Acids, 396 
Separation of Gold from Platinum, 
237 

Separation of the Platinum Metals, 
458 

Separation of the Cerite Metals, 42CL 
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SerpentinOi 49 
' Sideritc, 54, 88 
Silicates, 357 
Silicates, Analysis of, 377 
Silicates, Decomposition with HF|361 
. Silicates, Soluble in Acids, 359 
Silicates, Undecomposable by Acids, 
300 

Silicaics, Water-soluble, 358 
Silicic Acid, 355 
Silicon, 362 
Silver, Reactions, 237 
Silver, Separation from Lead and 
Mcrciirv, 212 • 

Silver TeUuride, 444 
Skeleton Bead, 362 
Skutterudite, 132 
Smaltite, 132 
Smithsonite, 138 
Sodium, Reactions, 40 
Sodium, Reduction with, 26 
Sodium Carbonate, Dissociation of, 
14 

Sodium Peroxide, 41 
Sodium Xanthogenate, 173 
Solubility Product, 18 
Solubility 'lable, 372 
Elution of the Substance, 378 
Solution of Insoluble Substances, 
372. 376 

Solutions, Analysis of, 400 

Spectroscope, 64 

Spectnim Analysis, 63 

Sphalerite, 138 

Spinel, 49 

Spodiimene, 408 

Stannic Acid, 217 

Stannic Compounds, 215 

[^Stannic Chloride, 218 

5-Stannic Compounds, 218 

Stannous Chloride, Reduction with, 8 

Stannous Compounds, 211 

Stannyl Cliloride, 218 

Steatite, 49 

Stibnite, 199 

Stolzite, 439 

Strength of Reagents, 30 
Strontianite, 54, 58 
Strontium, Reactions, 58 
Strontium, Separation from Ba and 
Ca, 62, 391 

Sulphates, Solubility of, 348 
Sulphides, Ik^havior on Ignition, 293 
Sulphides '-'nl iliility of, 290 
Sulphites, Solibility of, 301 
Sulblio Acids, ^paration from 
Sulpho Bases, 226, 386 


Sulphocyanates, Beliavior on Igni* 
tion, 283 • ^ 

Sulphocyanic Acid, 281 
Sulphur, 293 

Sulphuretted Hydrogen, see Hydro- 
sulphuric Acid 

Sulphuric Acid, Reactions^ 348 
Sulphurous Acid, Detection in the 
I^^nce of HaS^, and H|S, 
Sulphurous Acid, factions, ^ 
Sulphurous Acid, Reduction by, 7, 
381 

Sylvanite, 224, 444 
Sylvite, 36 
Sysserskit, 447 

T. 

Talc, 49 
Tantalite, 429 
Tantalum, Reactions, 429 
Tartar Emetic, 202, 314 
Tartaric Acid, 314 
Tartrates, Solubility of, 314 
Telluric Acid, Reactions, 446 
Tellurium, 444 

Tellurous Acid, Reactions, 446 
Thallic Compounds, 432 
Tliallium, Reactions, 431 
Thallous Compounds, 432 
lliermonatrite. 40 
'Fhiocyanic Acid, 281 
Thiosulphates, Solubility of, 334 
Thiosulphuric Acid, Reactions, 333 
Thiosulphuric Acid, Detection in tho 
Presence of Sulphurous Acid and 
Hydrogen Sulphide, 336 
Thorium, 414/ 

Tiemaiinite, 441 

Tin, Reactions, 210 

Tin, Separation from Copper Qroup. 

226,386 
Tinkal, 40. 309 
Tinstone, 210, 222, 378 
Titaniie, 108 
Titanium, Reactions, 108 
Titanium Dioxide, Analysis of| STS 
Tremolite, 49 
Trona, 40 

Tungsten, Reactions, 438 
Turmeric, 19, 311 
Turnbull's Blue, 95 

U. 

Ullmannite, 126 
Uranite, 104 
Uranium, 104 
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Vmaium, Separation from Fe. Al. 

and Cr, in2, 388, 390 
Ucanyl Compouxids, 106 
Urea, Decomposition of, 44 ‘ 


Wave Lengths, 65 
Witherite, M, 69 
Wolframite, 439 
Wulfcnile, 437, 439 


V. 

Valentinitc, 200 
Vahadic Acid, 434 
Vanadinite, 434 
Va^iadium, 434 

Vanadium, Detection in Rocks, 436 
Vivianite, 132 

W. 

Wall-papers, Arsenic in, 196 
Washing Precipitates, 19 
Water, Ammonia in, 46 
Water, Dissociation of, 19a 
Water Glasses, 4, 358 
Water Opal, 355 


X. 

Xanthogen Compounds, 173 

Y. 

Yttrium, 416 
Yttrotantalite, 416 

Z. 

Zinc, Reactions, 138 

Zinc, Separation from Mn, Ni, Go. 

and Zn, 143, 388, 390 
Zincite, 138 
Zircon , 413 
Zirconium, 413 
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Descriptive circulars sent on application. Books marked with an asterisk (*) are 
•old at ntt prices only. All books arc bound in cloth unless otherwise stated. 


AGRICULTURE— HORTICULTURE— FORESTRY. 

Armsby's Principles of Animal Nutrition 8vo. $4 00 

Budd and Hansen's American Horticultural Manual: 

Part 1. Propagation, Culture, and Improvement 12mo, 1 

Part II. Systematic Pomology I2mo, 1 

Elliott's Engineering for Laml Drainage 12mo, I 

Practical Farm Drainage. (Second Edition, Rewritten.) 12mo, 1 

Graves's Forest Mensuration 8vo, 4 

Green’s Principles of American Forestry 1 2mo, 1 

Grotcnfclt's Principles of Modern Dairy Practice. (Woll.) 12mo, 2 

^ Herrick’s Denatured or Industrial Alcohol 8vo, 4 

Kemp and Waugh's Landscape Gardening. (New Edition, Rewritten. In 
Preparation.) 

♦ McKay and Larsen’s Principles and Practice of Butter-making 8vo, 1 

Maynard's Lamlscape Gardening as Applied to Home Decoration 12mo, 1 

Sanderson’s Insects Injurious to Staple Crops. 12mo, I 

Sanderson and Hcadlcc'.s Insects Injurious to Garden Crops. (In Prepa- 
ration.) 

* Schwarz’s Longlcaf Pine in Virgin Forests 12mo, 1 

Stockbridge's Rocks and Soils 8vo, 2 

Winton’s Microscopy of Vegetable Poods 8vo, 7 

Woll’s Handbook for Farmers and Dairymen 16mo. 1 

ARCHITECTURE. 

Baldwin's Steam Heating for Buildings 12mo, 2 

Berg's Buildings and Structures of American Railroads 4to. 5 

Birkmire's Architectural Iron and Steel 8vo, 3 

Compound Riveted Girders as Applied in Buildings 8vo, 2 

Planning and Construction of American Theatres 8vo, 3 

Planning and Construction of High Office Buildings 8vo, 3 

Skeleton Construction in Buildings. Svo, 3 
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Briggs's Modem American School Buildlage.. . Svd. 14 40 

Byrne's Inspection of Materials and Wormanahlp Bmployed in Goi^tniction. 

16mo, 8 00 

Ourpenter's Heating and Ventilating of Buildings... 8vo« 4 00 

^Corthell's Allowable Pressure on Deep Foundations. 12ido, 1 80 

Firei tag's Architectural Engineering 8vo, 3 50 

Fireproofing of Steel Buildings 8vo, 2 50 

Gerhard's Guide to Sanitary Inspections. (Fourth Edition, Entirely Re- 
vised and Enlarged.) 12mo. 1 50 

* Modern Baths and Bath Houses 8vo. 3 00 

Sanitation of Public Buildings l2mo, 1 50 

Theatre Fires and Panics 12mo, I 50 

* The Water Supply. Sewerage and Plumbing of Modem City Buildings. 

8vo. 4 00 

Johnson's Statics by Algebraic and Graphic Methods 8vo, 2 00 

Kellaway's How to Lay Out Suburban Home Grounds. : 8vo. 2 00 

Kidder's Architects' and Builders' Pocket-book 16mo. mor., 5 00 

Merrill's Stones for Building and Decoration 8vo, - 6 00 

Monckton's Stair-building 4to. 4 00 

Patton's Practical Treatise on Foundations 8vo. 8 00 

Peaboily's Naval Architecture 8vc, 7 60 

Rice's Concrete-block Manufacture 8vo, 2 00 

Richey's Handbook for Superintendents of Construction lOmo, mor. 4 00 

Building Foreman's Pocket Book and Ready Reference. . lOmo. mor. 6 00 

* Building Mechanics' Ready Reference Series: 

• Carpenters' and Woo<lworkcrs' Edition lOmo. mor. 1 50 

• Cement Workers' and Plasterers' Edition lOmo, mor. 1 50 

* Plumbers'. Steam- Fitters', and Tinners' Edition. . . lOmo. mor. 1 50 

* Stone- and Brick-masons' Edition ]6mo, mor. 1 50 

Sabin's House Painting 12mo. 1 00 

Siebert and Biggin's Modern Stone cutting and Masonry 8vo. 1 50 

Snow's Principal Si>ecies of Wood 8vo, 3 50 

Towne's Looks and Huiklcrs* Hardware 18ino, mor. 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo. 0 00 

Sheep. 0 60 

Law of Contracts 8vo, 3 00 

Law of 0()crations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 (XI 

Sheep. 5 50 

Wilson's Air Conditioning 12mo. I 50 

Worcester and Atkinson's Small Hosfntals. Establishment and Maintenance. 

Suggestions for Hospital Architecture, with Plans fora Small 

Hospital 12n]o, 1 25 


ARMY AMD NAVY. 

Bemadou's Smokeless Powder. Nitro-cellulose, and the Theory of the Cellu- 
lose Molecule 12mo, 2 50 

Chase's Art of Pattern Making l'2mo. 2 50 

Screw ProtwUers and Marine Propulsion 8vo. 3 (X> 

^Cloke's Enlisleil Specialists' Examiner 8vo, 2 (M> 

Gunner's Examiner 8vo. t 50 

Craig's Azimuth 4tu, 3 50 

Crehore and Squier's Polariring Photo-chtonograph 8vo, 3 50 

* Davis's Elements of Law 8vo. 2 50 

* Treatise on the Military Law of United States 8vo. 7 00 

DeBrack's Cavalry Outpost Duties. (Carr.) 24mo, mor. 2 00 

^ Dudley's Military Law and the Procedure of Courts- martial. . .Large 12ino. 2 50 

Durand’s Resistance and Propulsion of Ships 8vo. 5 00 

^ Dyer's Handbook of Light Artillery t2mo, 3 00 

Btssler's Mo<1em High Explosives 8vo. 4 00 

* Fiebeger's Text-hook on Field Portifleation Large Umo. 3 00 

Hamilton and Bond's The Gunner's CateclUam 18fi^ 1 00 

* Hoff’s Elementary Naval Tactics. Svo, 1 50 
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Iiigallft's Handbook of Problems in Direct Fire 8vo. $4 

* Lissak's Ordnance and Gunnery 8vo, 6 

* X«udlow’s Logarithmic and Trigonometric Tables 8vo. 1 

^ Lyons's Treatise on Klec,tromagnetic Phenomena. Vols. L and II..8vo.each, 6 

* Mahan's Permanent Fortifications. (Mercur.) 8vo. half mor. 7 

Manual*for Courts-martial. Ifimo.mor. 1 

* Mercur's Attack of Fortified Places 12mo, 2 

* Elements of the Art of War 8vo, 4 

Nixon's Adjutants' Manual 24mo. 1 

Peabody's Naval Architecture 8vo. 7 

* Phelps's Practical Marine Surveying 8vo. 2 

Putnam's Nautical Charts 8vo. 2 

Itust's Bx-meridian Altitude, Azimuth and Star- Finding Tables 8vo 5 

Sharpe's Art of Subsisting Armies in War 18mo, mor. 1 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo. leather, 

* Weaver's Military Explosives 8vo, 3 

* Woodhuil's Military Hygiene for Officers of the Line Large 12mo. 1 


ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 4 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

lOmo, mor. 1 

Furman and Pardoe's Manual of Practical Assaying. (Sixth Edition, Re- 
vised and Enlarged.) 8vo. 3 

LfOdge's Notes on Assaying and Metallurgical Laboratory Experiments.. Kvo 3 

Low's Technical Methods of Ore Analysis 8vo, 3 

Miller's Cyanide Process r2mo, 1 

Manual of Assaying 12mo, I 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . .Timo, 2 

O'DriscoH's Notes on the Treatment of Gold Ores 8vo, 2 

Ricketts and Miller's Notes on Assa>nng 8vo, 3 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 

Seamon's Manual for Assayers and Chemists. (In Press.) 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 

Wilson's Chlorination Process r2mo, 1 

Cyanide Processes 12mo. 1 


ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 

Craig's Azimuth Ito, 3 

Crandall's Text-book on Geodesy and Least Sciuares 8vo. 3 

Doolittle's Treatise on Practical Astronomy 8vo, 4 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 

Hostner's Azimuth 10mo. mor. I 

• Merriman's Elements of Precise Surveying and Geodesy .8vo, 2 

* Michie and Harlow's Practical Astronomy 8vo. 3 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables 8vo, 5 

* White's Elements of Theoretical and D^criptivc Astronomy I2mo, 2 

CHEMISTRY. 

* Abderhalden’s Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) I2mo, 1 

Alexeyeff's General Principles of Organic Syntheses. (Matthews.) 8vo, 3 

Allen's Tables for Iron Analysis 8vo, 3 

Armsby's Principles of Animal Nutrition 8vo, 4 

Arnold's Compendium of Chemistry. (Mandel.) Laroe 12mo, 3 
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Tumeaure and RuaseH’s Public Water-supplies 8vp, .t6> AO 

Van Deventer's Physical Chemistry for Eieginners. (Boltwood.) 12mot 1 80 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo, 4 00 

Vol. II 8vo. . 6 00 

Washing oi’s Manual of the Chemical Analysis of Rocks 8vo. 2 00 

♦ Weaver's Military Explosives 8vo, 3 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 1 SO 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students 12mo. 1 50 

Text- book of Chemical Arithmetic 12mo, 1 26 

Whipple’s Microscopy of Drinking-water 8vo, 3 50 

Wilson’s Chlorination Process 12mo, 1 50 

Cyanide Processes l2mo. 1 50 

Winton's Microscopy of Vegetables Pood 8vo, I 50 

Zsigmondy's Colloids and the Ultramicroscope. (Alexander.). .Large 12nio. 3 00 


CIVIL ERGIREERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OP ENGINEER- 
ING. RAILWAY ENGINEERING. 

Baker's Engineers' Surveying [n.struments 12mo. 3 00 

Bixby's Graphical Computing Table Pa|>er 194X241 inches. 25 

Breed and Hosmer’s l*rincii)les and Practice of Sttrveying. Vol. I. Elemen- 
tary Surveying 8vo, 3 00 

Vol. II. Higher Surveying 8vo, 2 50 

• Burr's Ancient an<l Modern Engineering and the Isthmian Canal 8vo. 3 60 

Comstock's Field Astronomy for Engineers 8vo, 2 .50 

^ Corthell's Allowable Pressure on Deep Foundations 12mo. 1 25 

Crandall's Text-book on Geodesy and l.«east S<|uare.s 8vi>. 3 1X1 

Davis's Elevation and Stadia Tables 8vo. I 00 

Elliott's Engineering for Land Drainage 1 2mo. 1 60 

Practical Farm Drainage. (Second Edition Rewritten.) 12ru<*, 1 50 

• Fiel>egcr’s Treatise on Civil Engineering Hvo. 5 00 

Plemcr's Photographic Mcthod.s and Instruments Hvo. 5 00 

Polwell's Sew’erage. (Designing and Maintenance. > Hvo. 3 00 

Freitag's Architectural Engineering Hvo, 3 50 

Goi>ihtic'.s .Municipal Improvements 12mo. 1 5t) 

• Hauch an<l Rice's Tables of Quantities for Preliminary E.stimatcs. . . 12mo, 1 25 

Hayfor<r.s Textdxiok of (icodetic Astronomy Hvo. 3 iM) 

Hcring's Ready Reference Tables (Conversion Factors ) Ifimo, rnor. 2 50 

Hnsrncr's Azimuth lOnio. inor. 1 00 

Howe' Retaining Walls for Earth l2tno. 1 25 

• Ives's Adjustments of the Engineer's Transit arul larvrl Ifimo. Ivls. 25 

Johnson's (j B ) Thc*#ry and Practice, of Surveying Large 12mo. 4 00 

John.son's (L J ) Statics by Algebraic and t»rafdiic' .Metho<ls Hvo, 2 00 

Kinnicutt. Winslow and Pratt's Puritication <if Sewage. (In Prc|>aration ) 

• Mahan'.s Descriptive Geometry Hvo. t 50 

Merriman's Elements of Precise Surveying and Geodesy 8v<t, 2 50 

Mcrriman and Broc^ks’s Han<lbix>k for Surveyors Ifimo, mor. 2 00 

Nugent's Plane Surveying Hvo, 3 50 

Ogden's Sewer Construction Hvo. 3 00 

Sewer Design 12mo. 2 00 

Parsons's Disposal of .Municipal Refuse Hvo. 2 00 

Patton's Treatise on Civil Engineering ... .Hvo. half leather. 7 50 

Rceil's Tofiographical Drawing and Sketching 4to» 5 00 

Riileal's Sewage anfl the Bacterial Purification of Sewage Hvo. 4 00 

Riemcr's Shaft-sinking under Difficult Conditions. (Coming and Peele.).8vo, 3 00 

Siebert and Biggin's Modem Stone-cutting and Maaonry Hvo, 1 50 

Smith’s Manual of Topographical Drawing. (McMillan.) (....Hvo. H 50 
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Soper’s Air and Ventilation of Subways 12mo. $2 

< Tracy’s Exercises in Surveying 12mo, mor. 1 

Tracy’s Plane Surveying l6nio, mor. 3 

• Trautwine’s Civil Engineer’s Pocket-book Iflmo, mor. 5 

Vename’s Garbage Crematories in America 8vo, 2 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 

Wait’s Engineering and Architectural Jurisprudence 8vo, 6 

Sheep, 6 

Law of Contracts 8vo, 3 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo. 5 

Sheep, 5 

Warren’s Stereotomy — Problems in Stone-cutting .8vo, 2 

• Waterbury’s Vest-Pocket Hand-book of Mathematics for Engineers. 

21 X5t inches, mor. 1 

♦ Enlarged Edition. Including Tables mor. 1 

Webb’s Problem’s in the Use anrl Adjustment of Engineering Instruments. 

16mo, mor. 1 

Wilson’s Topographic Sttrveying 8vo, 3 


BRIDGES AND ROOFS. 


Boiler’s Practical Treatise on the Construction of Iron Highway Bridges.. 8vo. 

• Thames River Bridge Oblong paper. 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 

Influence Lines for Bridge and Roof Computations 8vo, 

Du Bois’s Mechanics of Engineering. Vol. II Small 4to. 

Poster’s Treatise on Wooden Trestle Bridges 4to. 

Fowler’s Ordinary Popndations 8vo, 

Greene’s Arches in Wood, Iron, and Stone 8vo, 

Bridge Trusses 8vo, 

Roof Tru.sses 8vo, 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 

Heller’s Stresses in Structures and the Accompanying Deformations.. . .8v(>, 

Howe’s Design of Simple Roof-trusses in Wood and Steel 8vo. 

Symmetrical Masonry Arches 8vo. 

Treatise on Arches 8vo, 

• Jacoby’s Structural Details, or Elements of Design in Heavy Framing, 8vo, 
Johnson. Bryan and Tumeaure’s Theory and Practice in the Designing of 

Modern Framed Structures Small 4to, 

Merriman and Jacoby’s Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 

Part II. Graphic Statics 8vo, 

Part III. Bridge Design 8vo, 

Part IV. Higher Structures 8vo, 

Morison’s Memphis Bridge Oblong 4to, 

Sondcricker's Graphic Statics, with Applications to Trusses, Beams, and 

Arches 8vo, 

Waddell’s De Pontibus, Pocket-book for Bridge Engineers 16mo, mor. 

* Specifications for Steel Bridges 12mo, 

Waddell and Harringtoon's Bridge Engineering. (In Preparation.) 

Wright's Designing of Draw-spans. Two parts in one volume 8vo, 


HYDRAULICS. 


Barnes’s Ice Formation 8vo, 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 

Bovey's Treatise on Hydraulics 8vo, 

Church’s Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper. 

Hydraulic Motors 8vo, 
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Coffin's Graphical' Solution of Hydraulic Problems.. 16mo, mor. $2«i60 

Plather's Dynamometers, and the Measurement of Power 12mo. 3 

Polwell's Water-supply Engineering. 8vo, 4 

Prisell's Water-power 8vo. 6 

Puertes's Water and Public Health 12mo» ' 1 

Water-filtration Works 12mo. 2 

Ganguillet and Kutter's General Formula for the Uniform Plow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo. 4 

Hazen's Clean Water and How to Get It Large 12mo, 1 

Filtration of Public Water-supplies 8vo, 3 

Hazelhurst’s Towers and Tanks for Water- works . .8vo, 2 

Herschel's 115 Experiments on the Carrying Capacity of Large. Riveted. Metal 

Conduits 8vo. 2 

Hoyt and Grover's River Discharge 8vo. 2 

Hubbard and Kiersted's Water-works Management and Maintenance. 

8vo. 4 

* Lyndon's Development and Electrical Distribution of Water Power. 

8vo. 3 

Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo. 4 

Merriman’s Treatise on Hydraulics 8vo, 5 

* Molitor's Hydraulics of Rivers. Weirs and Sluices 8vo. 2 

• Richards's Laboratory Notes on Industrial Water Analysis 8vo, 

Schuyler’s Reservoirs for Irrigation. Water-power, and Domestic Water- 

supply. Second Edition, Revised and Enlarged Large 8vo, 0 

• Thomas and Watt's Improvement of Rivers 4to. 0 

Tumeaure an<l Russell's Public Water-supplies 8vo. 5 

Wegmann's Design and Construction of Dams, .'ith E<1 . tMilargcd . tto, 0 

Water-Supply of the City of New York from 16.Vi to l.Hll.'j pfi. |0 

Whipple's Value of Pure Water Large 12mo. I 

Williams and Hazen's Hydraulic Tables Hvo. 1 

Wilson's Irrigation Engineering .Hvo, 4 

Wood's Turbines Hvo, 2 


MATERIALS OP ENGLNKERING. 


Baker's Roads and Pavements 8vo, 

Treatise on Mas<mry Construction Hvo, 

Black's United States Public Works Oblong 4to, 

Blanchard's Bituminous Ronds. (In Press.^ 

Bleiningcr's Manufacture cd Hyilraulic Cement. (In Preparation.) 

* Bovey's Strength of Materials anfl Thcr>ry of Structures Hvo. 

Burr'.s Elxsticity an«l Resistance of the Materials of Enginefrhng Hvo. 

Byrne's Highway Construction Hvo. 

Inspection of the Materialsantl Workmanship Employed in Construction. 

Ifimo. 

Church's Mechanics of Engineering Hvo. 

Du Hois's Mechanics of Engineering. 

Vol. 1. Kinematics. Statics, Kinetics Small 4to. 

Vol. II. The Stres-ses in Framed Structures. Strength 'd Materials and 
Thct»ry of Flexures Small 4io, 

* Eckel's Cements. Limes, and Pla.sters Hvo, 

Stone and Clay Products user! in Engineering. (In Prcfiaration. ) 

Fowler’s Ordinary Foundations Hvo. 

^ Greene's Structural Mechanics Hvo. 

* Holley's Lead and Zinc Pigments Large l2tno, 

Holley and Ladd's Analysis of Mixed Paints. Color Pigments and Varnishes. 

I«arge l2mo. 

Hubbard's Dust Preventives and Road Binders. (In Prei>aration.) 
Johnson's (C. M.) Rapid Mcihotls for the Cl^inival Analysisof Special Steels. 

Steel-making Alloys and Graphite Large 12mo. 

Johnson's (J. B.) Materials of Construction Large Hvo. 

Keep’s Cast Iron Hvo. 

Lanza’s AppUc<l Mechanics Hvo. 

Lowe's Paint for Steel Structures l2rao, 
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IMw's Modem Pigments and their Vehicles 12mo, 

Martens's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill’s Stones for Building and Decoration 8vo, 

Merrinfan's Mechanics of Materials 8vo, 

* Strength of Materials l2mo» 

Metcalf's Steel. A Manual for Steel-users 12mo, 

Morrison’s Highway Engineering 8vo. 

Patton's Practical Treatise on Foundations 8vo, 

Rice’s Concrete Block Manufacture 8vo. 

Richardson’s Modem Asphalt Pavements 8vo. 

Richey’s Building Foreman's Pocket Book and Ready Reference. lOmo.mor. 

* Cement Workers’ and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

Handbook for Superintendents of Construction 16mo. mor. 

* Stone and Brick Masons* Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

♦ Ries’s Clays: Their Occurrence. Properties, and Uses 8vo, 

* Ries and Leighton’s History of the Ciay>working Industry of the United 

States 8vo. 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 

* Smith’s Strength of Material 12mo 

Snow’s Principal Species of Wood 8vo, 

Spalding’s Hydraulic Cement 12mo. 

Text-book on Roads and Pavements 12mo, 

Taylor and Thompson's Treatise on Concrete. Plain and Reinforced Svu. 

Thurston's Materials of Engineering. In Three Parts 8vo. 

Part I. Non*mctallic Materials of Engineering and Metallurgy. . . .8vo. 

Part II. Iron and Steel Svo. 

Part III. A Treatise on Brasses. Bronzes, and Other Alloy.s and their 

Constituents 8 vo, 

Tillson’s Street Pavements and Paving Materials 8vo, 

♦ Trau twine’s Concrete. Plain and Reinforced l6mo. 

Tumeaure and Maurer’s Principles of Reinforce^! Concrete Construction. 

Second Edition, Revised and Enlarged 8vo, 

Waterbury's Cement Laboratory Manttal 12mo, 

Wood’s (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 

Wood’s (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 
Steel 8vo. 


RAILWAY ENGINEERING. 


Andrews’s Handbook for Street Railway Engineers 3X5 inches, mor. 

Berg's Buildings and Structures of American Railroads 4to. 

Brooks's Handbook of Street Railroad Location 16mo. mor. 

Butts's Civil Engineer’s Field-book 16mo, mor. 

Crandall's Railway and Other Earthivork Tables 8vo, 

Transition Curve 16mo. mor. 

* Crockett’s Methods for Barthwurk Computations 8vo, 

Dredge’s History of the Pennsylvania Railroad. (1879) Papei 

Fisher’s Table of Cubic Yards Cardboard. 

Godwin's Railroad Engineers’ Field-book and Explorers' Guide. . 16mo. mor. 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8 VO. 

Ives and Hilts’s Problems in Surveying, Railroad Surveying and Geodesy 

16mo. mor. 

MoUtor and Beard’s Manual for Resident Engineers 16mo. 

Nagle’s Field Manual for Railroad Engineers 16mo. mor. 

* Orrock’s Railroad Structures and Estimates . 8vo. 

Philbrick’s Field Manual for Engineers 16mo. mor. 

Raymond’s Railroad Engineering. 3 volumes. 

Vol. I. Railroad Field Geometry. (In Preparation.) 

Vol. II. Elements of Railroad Engineering Svo, 


VoL III. Railroad Engineer’s Field Book. (In Preparation.) 
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Searles’s Field Engineering 16mo, mor. $3 

Railroad Spiral Idmo. mor. 1 

Taylor's Prismoidal Formulee and Earthwork 8vo. 1 

* Trautw'ne's Field Practice of Laying Out Circular Curves for Railroads. 

12mo, mor. 2 

* Method of Calculating the Cubic Contents of Excavations and Em- 
bankments by the Aid of Diagrams 8vo, *2 

Webb's Economics of Railroad Construction Large 12mo, 2 

Railroad Construction 16mo, mor. 5 

Wellington's Economic Theory of the Location of Railways Large 12mo. 5 

Wilson’s Elements of Railroad-Track and Construction 12mo. 2 


DRAWING. 

Barr's Kinematics of Machinery. 8vo. 2 

* Bartlett’s Mechanical Drawing 8vo. 3 

* '* '* " Abridged Ed 8vo, 1 

Coolidge's Manual of Drawing 8vo. paper. 1 

CooUdge and Freeman’s Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to. 2 

Durley’s Kinematics of Machines 8vo. 4 

Emch’s Introduction to Projective Geometry and its Application 8vo. 2 

French and Ives’ Stereotomy 8vo, 2 

Hill’s Text-book on Shades and Shadows, and Pers|)ective 8vo. 2 

Jamison's A<lvance<] Mechanical Drawing 8vo. 2 

Elements of Mechanical Drawing 8vo. 2 

Jones's Machine Design: 

Part I, Kinematics of Machinery 8vo. 1 

Part II. Form. Strength, and Proportions of Parts 8vo. 3 

Kimball and Barr’s Machine Design 8vo. 3 

MacCord’s Elements of Descritpive Geometry Hvo, 3 

Kinematics; or. Practical Mechanism 8vo. 5 

Mechanical Drawling 4to. 4 

Wlocity Diagrams 8vo. 1 

McLeod's Desoriptii’e Geometry Large 12mo. 1 

^ Mahan's Descriptive Geometry and Stone-cutting Hvo. 1 

Industrial Drawing. (Thompson.) Kvo. 3 

Moyer’s Des^rriptive Geometry 8vo. 2 

Reed's Toix>graphical Drawing an<l Sketching 4to. A 

Reid's Course in Mechanical Drawing Hvo. 2 

Text-bcxik of .Mechanical Drawing and Elementary Machine Design. Hvo. 3 

Robinson's Principles of Mechanism Hvo, 3 

Schwamb and Merrill's Elements of Mechanism Hvo. 3 

Smith (A. W.) and Marx's Machine Design Hvo, 3 

Smith's (R. S.) Manual of Tofographical Drawing. (McMillan.) Hvo. 2 

* Titsworth’s Elements of Mechanical Drawing Oblong Hvo. 1 

Warren's Drafting Instruments and 0|)crationH ]2mo. 1 

Elements of Descriptive Geometry, Shadows, and Prni|)ective Hvo, 3 

Elements of Machine Construction and Drawing Hvo, 7 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, I 

General Problems of Shades and Shadows Hvo, 3 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow I'imo, I 

Manual of ElemenUry Projection Drawing 12mo. I 

Plane Problems in Elementary Geometry l2mo. 1 

Problems. Theorems, anf! Example* in Descriptive (jeometry Hvo, 2 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) Hvo, 6 

Wilson's (H. M.) Topographic Surveying Hvo. 3 

* Wilson’s (V. T.) Descriptive Geometry 8vo, 1 

Free-hand Lettering Hvo, 1 

Free-hand Perspective Hvo, 2 

Woolf’s Elementary Course in Descriptive Geometry Large 8vo. 3 
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ELECTRICITY AND PHYSICS. 


* Abegs's Theory of Electrolytic Dissociation, (von Bnde.) 12mo, SI 25' 

Andi^ws's Hand-book for Street Railway Engineering 3X6 inches, mor. 1 26 

Anthony and Brackett*s Text-book of Physics. (Magic.) ... .Large i2nio, 3 00- 
Anthony and Ball’s Lccturc-notcs on the Theory of Electrical Measure- 
ments 12rao, 1 00 

Benjamin’s History of E- x'tricity 8vo. 3 00 

Voltaic Cell 8vo, 3 00 

Betts's Lead Relining and Electrolysis 8vo, 4 00 

Classem’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

♦ Collins’s Manual of Wireless Telegraphy and Telephony l2mo, 1 60 

Crehore and Squier’s Polarizing Photo-chronograph 8vo, 3 00 

* Danneel’s Electrochemistry. (Merriam.) 12mo, 1 26 

Dawson's “Engineering” and Electric Traction Pocket-book 16mo, mor. 5 00 

Dolezalek’s Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo. 2 50 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Plather's Dynamometers, and the Measurement of Power 12mo, 3 00 

Getman’s Introduction to Physical Science 12mo, 1 50 

Gilbert's De Magnete. (Mottelay ) 8vo, 2 50 

♦ Hanchett’s Alternating Currents l2mo, 1 00 

Hering’s Ready Reference Tables (Conversion Factors) lOmo, mor. 2 60 

• Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 6 00 

Holman's Precision of Measurements 8vo, 2 00 

Telescopic Mirror-scale Method. Adjustments, and Tests.. . .Large 8vo. 76 


• Karapetoff's Experimental Electrical Engineering 8vo. 6 00- 

Kinzbrunner's Testing of Continuous-current Machines 8vo. 2 00- 

Landauer's S()ectrum Analysis. (Tingle.) 8vo. 3 00 

Le Chatelier's High- temperature Measurements. (Boudouard — Burgess. )12mo, 3 00 
Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo. 3 OO 

• Lyndon's Development and Electrical Distribution of Water Power. .8vo. 3 00 

• Lyons’s Treatise on Electromagnetic Phenomena. Vols. I .and 11. 8vo. each, 6 OO 

• Mtchie’s Elements of Wave Motion Relating to Sound and Light 8vo» 4 OU 

Morgan's Outline of the Theory of Solution and its Results 12mo. I 00 

♦ Physical Chemistry for Electrical Engineers r2mo. I 60 

• Norris's Introduction to the Study of Electrical Engineering 8vo, 2 50- 


Norris and Dennison's Course of Problems on the Electrical Characteristics of 


Circuits ami .Machines. (In Press.) 

• Parshall and Hobart’s Electric Machine Design 4to, half mor, 12 50 

Reagan’s Locomotives: Simple. Compound, and Electric. New Edition. 

Large 12mo. 3 60 

• Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.) . .8vo, 2 00^ 

Ryan, Norris, and Hoxic's Electrical Machinery. Vol. 1 8vo, 2 60 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

• Tillman’s Elementary Lessons in Heat 8vo, 1 50 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Dike’s Modem Electrolytic Copper Refining. 8vo, 3 00 


LAW. 


♦ Brennan’s Hand-book of Useful Legal Information for Business Men. 


lOmo. mor. 

• Davis's Elements of Law 8vo, 

• Treatise on the Military Law of United States Svo, 

• Dudley's Military Law and the Procedure of Courts-martial. . Large 1 2mo. 

Manual for Courts-martial 16mo, mor. 

Wait’s Engineering and Architectural Jurisprudence Svo, 

Sheep, 

Law of Contracts 8vo, 

Law of Operations Preliminary to Construction in Engineering and 

Architecture Svo, 

Sheep, 
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MATHEMATICS. 


Baker's Elliptic Functions ; 8vo, $1 

Briggs's Elements of Plane Analytic Geometry. (Bdcher.) 12mo,i 1 

* Buchanan's Plane and Spherical Trigonometry. 8vo. 1 

Byerley's Harmonic Functions 8vo. 1 

Chandler's Elements of the Infinitesimal Calculus 12mo, 2 

* Coffin's Vector Analysis 12mo, 2 

Compton's Manual of Logarithmic Computations 12mo, 1 

* Dickson's College Algebra Large 12mo. . 1 

* Introduction to the Theory of Algebraic Equations Large 12mo. 1 

Emch's Introduction to Projective Geometry and its Application 8vo. 2 

Fiske's Functions of a Complex Variable \ Svo, 1 

Halsted's Elementary Ssmthetio Geometry 8vo, 1 

Elements of Geometry Svo, 1 

* Rational Geometry 12mo, 1 

Synthetic Projective Geometry Svo, 1 

Hyde's Grassmann's Space Analysis Svo, 1 


* Johnson's (J. B.) Three-place logarithmic Tables: Vest-pocket size, paper. 

* 100 copies, 5 

* Mounted on heavy cardboard, 8 X 10 inches. 

* 10 copies, 2 

Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 2 


Curve Tracing in Cartesian Co-ordinates. 12mo. 1 

Differential Equations Svo, 1 

' Elementary Treatise on Differential Calculus Large l2mo. I 

Elementary Treati.se on the Integral Calculus Large 12mo, 1 

** Theoretical Mechanics 12mo, 3 

Theory of Errors and the Method of Least Squarne 12mo, 1 

Treatise on Differential Calculus Large 12mo, 3 

Treatise on the Integral Calculus Large 12mo, 3 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo. 3 


Karapetoff s Engineering Applications of Higher .Mathematics. 

(In Preparation.) 

Laplace’s Philosophical Essay on Probabilities. (Truscntt and Emory. ) . 1 2mo. 2 
* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 


Tables Svo, 3 

♦ Trigonometry and Tables publishcfl separately Each, 2 

* Ludlow's Logarithmic and Trigonometric Tables Svo, 1 

Macfarlane's Vector Analysis and (juaternions Kvo, I 

McMahon's Hyperbolic Functions Svo, 1 

Manning's Irrational Numbers and their Representation by Sequencc.s anti 

Series 12mo. 1 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each 1 


No. I. History of Modem Mathematics, by David Eugene Smith. 

No. 2. Synthetic Projective (Geometry, by George Bruce Halsted. 

No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. S. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 1 1. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 

Merriman’s Method of Least Squares Svo, 8 

Solution of Equations 8vo, 1 

Rice and Johnson's Differential and Integral Calculus. 2 vols. in one. 

L^rge 12mo, 1 

Elementary Treatise on the Differential Calculus Large 12mo, 3 

Smith's History of Modern Mathematics 8vo, 1 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of C>ne 

Variable. Svo, 8 00 
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Waterbury’s Vest Ppcket Hand-book of Mathematics for Engineers. 

2|X5} inches, mor. SI 

* Enlarged Edition. Including Tables mor. 1 

Weld’s Determinants 8vo. 1 

Wood'ft Elements of Co-ordinate Geometry 8vo, 2 

Woodward's Probability and Theory of Errors. . 8vo. 1 


MECHANICAL ENGINEERING. 

MATERIALS OP ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon’s Forge Practice 12mo, 1 

Baldwin’s Steam Heating for Buildings 12mo. 2 

Barr’s Kinematics of Machinery.. 8vo. 2 

* Bartlett's Mechanical Drawing 8vo. 3 

* “ “ " Abridged Ed 8vo. 1 

* Burr’s Ancient and Modern Engineering and the Isthmian Canal 8vo. 3 

Carpenter's Experimental Engineering .8vo. 6 

Heating and Ventilating Buildings 8vo, 4 

Clerk’s Gas and Oil Engine. ([New edition. in press.) 

Compton’s First Lessons in Metal Working. 12mo. 1 

Compton and De Groodt’s Speed Lathe 12mo. 1 

Coolidge's Manual of Drawing .^..Kvo. paper, 1 

Coolidge and Freeman’s Elements of Gcenral Drafting for M^hanical En- 
gineers Oblong 4 to. 2 

Cromwell’s Treatise on Belts and Pulleys 1 2mo, 1 

Treatise on Toothed Gearing l2mo, 1 

Dingey's Machinery Pattern Making 12tno, 2 

Durley’s Kinematics of Machines 8vo. 4 

Flanders’s Gear-cutting Machinery. Large 12mo, 3 

Flathcr’s Dynamometers and the Measurement of Power. 12mo. 3 

Rope Driving l2mo. 2 

Gill's Gas and Fuel Analysis for Engineers 12mo. 1 

Goss’s Locomotive Sparks 8vo, 2 

Greene's Pumping Machinery. (In Preparation.) 

Hering’s Ready Reference Tables (Conversion Factors) 16mo, mor. 2 

* Hobart and Ellis’s High Speed Dynamo Electric Machinery 8vo, 6 

Hutton’s Gas Engine Hvo, 5 

Jamison's Advanced Mechanical Drawing 8vo, 2 

Elements of Mechanical Drawing 8vo, 2 

Jones’s Gas Engine 8vo. 4 

Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 

Kent’s Mechanical Engineer's Pocket-Book 16mo, mor. 5 

Kerr’s Power and Power Transmission 8vo, 2 

Kimball and Barr’s Machine Design 8vo. 3 

* Levin’s Gas Engine 8vo, 4 

Leonard’s Machine Shop Tools and Methods 8vo, 4 

* Lorenz’s Modem Refrigerating Machinery. (Pope, Haven, and Dean). .8vo. 4 

MacCord’s Kinematics; or, Practical Mechanism Svo, 5 

Mechanical Drawing 4to. 4 

Velocity Diagrams 8vo. 1 

MacParland’s Standard Reduction Factors for Gases Svo, 1 

Mahan’s Industrial Drawing. (Thompson.) 8vo, 3 

Mehrtens’s Gas Engine Theory and Design Large 12mo, 2 

Oberg’s Handbook of Small Tools Large 12mo. 3 

* Parshall and Hobart's Electric Machine Design. Small 4to, half leather, 12 

Peele's Compressed Air Plant for Mines Svo, 3 

Poole's Calorific Power of Fuels Svo. 3 

* Porter’s Engineering Reminiscences, 1866 to 1882 Svo, 3 

Retd's Course in Mechanical Drawing Svo. 2 

Text-book of Mechanical Drawing and Elementary Machine Design.8vo, 3 
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Richards's Compressed Air v 12mo, $1 

Robinson’s Principles of Mechanism 8vo, 3 

Schwamb and Merrill's Elements of Mechanism 8vo. 3 

Smith (A. W.) and Marx’s Machine Design 8vo. 3 

Smith’s (O.) Press-working of Metals 3 

Sorcl’s Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo, 3 

Stone's Practical Testing of Gas and Gas Meters 8vo, 3 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo. 1 

Treatise on Friction and Lost Work in Machinery and Mill Work. . .8vo, 3 

♦ Tillson’s Complete Automobile Instructor. 16mo, 1 

♦ Titsworth’s Elements of Mechanical Drawing Oblong 8vo, 1 

Warren's Elements of Machine Construction and Drawing 8vo, 7 

♦ Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers. 

2iX5| inches, mor. 1 

* Enlarged Edition, Including Tables mor. I 


Weisbach's Kinematics and the Power of Transmission. (Herrmann — 


Klein.) 8vo. 5 

Machinery of Transmission and Governors. (Hermann — -Klein.). .8vo. 5 

Wood's Turbines 8vo. 2 


MATERIALS OF ENGINEERING. 


• Bovey's Strength of Materials and Theory of Structures 8vo, 7 

Burr’s Elasticity and Resistance of the Materials of Engineering 8vo, 7 

Church’s Mechanics of Engineering 8vo, 6 

♦ Greene's Structural Mechanics 8vo, 2 

* Holley’s Lead and Zinc Pigments Large 12mo 3 

Holley and Ladd’s Analysis of Mixed Paints. Color Pigments, and Varnishes. 

Large 12mo. 2 

Johnson’s (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels. Steel-Making Alloys and Graphite Large I'imo. 3 

Johnson’s (J. B.) Materials of Construction 8vo. 0 

Keep’s Cast Iron 8vo. 2 

Lanza’s Applied Mechanics 8vo. 7 

Maire's Modem Pigments and their Vehicles Timo, 2 

Maurer’s Tcchincal Mechanics 8vo, 4 

Merriman’s Mechanics of Materials 8vo. 5 

♦ Strength of Materials 12mo. I 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 

Sabin's Iniliistrial and Artistic Technology of Paint and Varnish 8vo. 3 

Smith’s ((A. W.) Materials of Machines l2mo. 1 

* Smith’s (H. E.) Strength of Material 12nio, 1 

Thurston’s Materials of Engineering .'Lvols.. 8vo. 8 

Part I. Xon-metalHc Materials of Enginc^c^ing 8vo. 2 

Part II. Iron and Steel 8vo, 3 

Part III. A Treatise on Bravsses. Bronzes, and f)thcr Alloys and their 

Constituents 8vo, 2 

Wood’s (De V.) Elements of Analytical Mechanics 8vo, 3 

Treatise on the Re.sistance of Materials ami an Ai>pcndix on the 

Preservation of Timber 8vo. 2 

Wood’s (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 


STEAM-ENGINES AND BOILERS. 


Berry's Temperature-entropy Diagram ] 2mo, 2 

Carnot's Reflections on the Motive Power of Heat. (Thurston.) 12mo. 1 

Chase's Art of Pattern Making 12mo, 2 
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Creighton's Steam-engine and other Heat Motors 8vo, $5 00 

Dawson's "Engineering" and Electric Traction Pocket-book. .. .16mo. mor. 5 00 

Pbrd's Boiler Making for Boiler Makers 18mo. 1 00 

* Gebhardt's Steam Power Plant Engineering 8vo, 6 00 

Goss's Bocomotive Performance 8vo, 5 00 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 2 (K) 

Hutton's Heat and Heat-engines 8vo. 5 00 

Mechanical Engineering of Power Plants 8vo. 5 00 

Kent's Steam boiler Economy 8vo, 4 00 

Kneass’s Practice and Theory of the Injector 8vo, 1 50 

MacCord’s Slide-valves Svo, 2 00 

Meyer's Modem Locomotive Construction 4 to, 10 00 

Moyer's Steam Turbine 8vo, 4 00 

Peabody’s Manual of the Steam-engine Indicator t2mo, 1 .50 

Tables of the Properties of Steam and Other Vapors and Temperature- 

Entropy Table Svo, 1 00 

Thermodynamics of the Steam-engine and Other Heat-engines. . . . Svo, 5 (K) 

Valve-gears for Steam-engines Svo, 2 50 

Peabody and Miller’s Steam-boilers Svo. 4 00 

Pupin’s Thermodynamics of Reversible Cycles in Gases anfl Saturated Vapors. 

(Osterberg.) 12mo, 1 25 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

Sinclair's Locomotive Engine Running and Management 12mo, 2 00 

Smart’s Handbook of Engineering Laboratory Practice 12mo, 2 50 

Snow's Steam-boiler Practice Svo, 3 00 

Spangler’s Notes on Thermodynamics 12mo, 1 00 

Valve-gears Svo, 2 50 

Spangler. Greene, and Marshall’s Elements of Steam-engineering Svo. 3 00 

Thomas’s Steam-turbines 8vo, 4 00 

Thurston’s Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake Svo, 5 00 

Handy Tables Svo, 1 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8v'o, 5 00 

Manual of the Steam-engine 2vols., 8vo, 10 00 

Part I. History, Structure, and Theory Svo, 6 (K> 

Part II. Design, Construction, and Operation Svo, 6 00 

Wehrenfenning’s Analysis and Softening of Boiler Feed-water. (Patterson.) 

Svo, 4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) Svo, 5 (K) 

Whitham’s Steam-engine Design Svo. 5 00 


Wood’s Thermodynamics, Heat Motors, and Refrigerating Machines. . .Svo, 4 00 


MECHANICS PURE AND APPLIED. 


Church’s Mechanics of Engineering Svo, 6 00 

Notes and Examples in Mechanics Svo, 2 00 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 1 50 

Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics Svo, 3 50 

Vol. II. Statics Svo, 4 IX) 

Mechanics of Engineering. Vol. I Small 4 to. 7 50 

Vol. II Small 410, 10 00 

* Greene's Structural Mechanics Svo, 2 50 

James's Kinematics of a Point and the Rational Mechanics of a l^article. 

Large 12mo, 2 00 

* Johnson’s (W. W.) Theoretical Mechanics 12mo, 3 00 

Lanza’s Applied Mechanics Svo. 7 50 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 1 25 

* Vol. 11, Kinematics and Kinetics. 12mo, 1 50 

Maurer's Technical Mechanics. Svo, 4 00 

* Merriman’s Elements of Mechanics 12mo, 1 00 

Mechanics of Materials Svo, 5 00 
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* Michie’s Elements of Analytical Mechanics 8vo, 84 

Robinson’s Principles of Mechanism 8vo. 3 

Sanborn’s Mechanics Problems Large 12mo, 1 

Schwamb and MerriU’s Elements of Mechanism. ... 8vo, 3 

Wood's Elements of Analytical Mechanics * 8vo, 3 

Principles of Elementary Mechanics 12mc8 1 


MEDICAL. 


* Abderhalden’s Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 

von Behring's Suppression of Tuberculosis. (Dolduan.) 12mo, 1 

Bolduan’s Immune Sera 12mo, 1 

Bordet's Studies in Immunity. (Gay.) 8vo, 0 

Davenport’s Statistical Methods with Special Reference to Biological Varia- 
tions r . 16mo, mor. 1 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 0 

* Fischer's Physiology of Alimentation Large 12mo, 2 

de Pursac’s Manual of Psychiatry. (Rosanoff and Collins.).. . .Large 12mo, 2 

Hammarsten's Text- book on Physiological Chemistry. (Mandel.) 8vo, 4 

Jackson’s Directions for Laboratory Work in Physiological Chemistry . . 8vo, I 

Lassar-Cohn’s Practical Urin?.ry Analysis. (Lorenz.) ]2mo. 1 

Mandel’s Hand-book for the Bio-Chemical Laboratory 12mo, 1 

* Pauli’s Physical Chemistry in the Service of Medicine. (Fischer.) . .12mo. 1 

* Pozzi-Escot’s Toxins and Venoms and their Antibodies. (Cohn.). . 12mo. 1 

Rostuski's Serum Diagnosis. (Bolduan.)..... r2tno, 1 

Ruddiman’s Incompatibilities in Prescriptions 8vo, 2 

Whys in Pharmacy 12mo. 1 

Salkowski’s Physiological and Pathological Chemistry. (OrndortT.) ....8vo. 2 

* Satteriee’s Outlines of Human Embryology 12mo, I 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 

♦Whipple’s Tyhpoid Fever Large 12mo, 3 

* Woo^lhuU’s Military Hygiene for Officers of the Line Large l2mo, I 

* Personal Hygiene 12mo, 1 

Worcester and Atkinson’s Small Hospitals Kstabli.shmcnt a»nl Maintcmance, 
an<l Suggestions for Hospital Architecture, with Plans for a Small 
Hospital 12mu, 1 


METALLURGY. 


Betts's Lead Refining by Electrolysis 8vo, 4 

Bollaml’s Encyclopedia of Founding and Dictionary of Poumlry Terms usevl 

in the Practice of Moulding ]2mo. 3 

Iron Founder 12mo, 2 

“ " Supplement l2mo, 2 

Douglas’s Untcchnical Addresses on Technical Subjects I2Tno, 1 

Goesel’s Minerals and Metals: A Reference Book l6mo mor. 3 

* Ilcs's Lead-smelting 12mo, 2 

Johnson's Rapid Methods for the Chemical Analysis of SiHX'ial Steels, 

Steel-making Alloys and Graphite Large l2mo, 3 

Keep’s Cast Iron 8vo, 2 

Le Chatelicr's High- temperature Measurements. (Boudouard - Burges.s.) 

1 2mo. 3 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 

Minet’s Production of Aluminum and its Industrial U.se. (Waldo.). . 12mo, 2 

* Ruer’s Elements of Metallography. (Mathewson.) 8vo, 3 

Smith’s Materials of Machines 12mo, 1 

Tate and Stone’s Foundry Practice 12mo, 2 

Thurston’s Materials of Engineering. In Three Part.s 8vo, 8 

Part 1. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo. 3 60 

Part 111. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo. 2 60 
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Ulke’a Modem Electrolytic Copper Refining. 8vo, $3 

West's American Foundry Practice 12mo, 2 

Moulders' Text Book 12mo. 2 

• MINERALOGY. 

Baskerville's Chemical Elements. (In Preparation.) 

♦ Browning’s Introduction to the Rarer Elements 8vo, 1 

Brush's Manual of Determinative Mineralogy. (Pen field.) 8vo, 4 

Butler's Pocket Hand-book of Minerals 16mo, mor. 3 

Chester's Catalogue of Minerals 8vo, paper, 1 

Cloth, 1 

♦ Crane's Gold and Silver 8vo, 5 

Dana's First Appendix to Dana's New “System of Mineralogy". . Large 8vo, I 

Dana's Second Appendix to Dana's New “ System of Mineralogy." 

Large 8vo, 

Manual of Mineralogy and Petrography. 12mo. 2 

Minerals and How to Study Them 12nio, 1 

System of Mineralogy Large 8vo, half leather, 12 

Text-book of Mineralogy 8vo, 4 

Douglas's Untechnical Addresses on Technical Subjects l2mo, I 

Eakie's Mineral Tables 8vo, 1 

Eckel's Stone and Clay Products Usctl in Engineering. (In Preparation.) 

Goesel's Minerals and Metals: A Reference Book Idmo, mor. 3 

Groth’s Introduction to Chemical Crystallography (.Marshall) I2mo, I 

♦ Hayes's Handbook for Field Geologists jOmo, mor. I 

Iddings's Igneous Rocks 8vo, 5 

Rock Minerals Kvo, 5 

johannsen's Determination of Rock-forming Minerals in Thin Sections. Svo, 

' With Thumb Index 5 

♦ Martin's Laboratory Guide to Qualitative Analysis with the Blow- I 

pipe 12mo, 

Merrill’s Non-metallic Minerals: Their Occurrence ami Uses 8vo, 4 

Stones for Building and Decoration 8vo, 5 

♦ PenfieUl’s Notes on Determinative Mineralogy and Rccon! of .Mineral Tests. 

Hvo, i)aper. 

Tables of Minerals, Including the Use of Minerals and Statistics of 
Domestic Production Svo, 1 

♦ Pirsson’s Rticks and RcK-k Minerals 12ino. 2 

♦ Richards’s Synopsis of Mineral Characters l2mo, mor. I 

♦ Ries’s Clays: Their Occurrence, Properties and U.ses Svo, 5 

♦ Ries and Leighton's History of the Clay-working Indvistry of the United 

States Svo, 2 

♦ Tillman’s Text-book of Imi^ortant Minerals and Rocks Svo, 2 

Washington's Manual of the Chemical Analysis of Rocks Svo, 2 

MINING. 

♦ Beard's Mine Gases and Explosions Large 12nio, 3 

♦Crane’s Gold and Silver Svo, 5 

* Index of Mining Engineering Literature Svo. 4 

* xSvo, mor. 5 

Mining Methods. (In Press.) 

Douglas's Untechnical Addresses on Technical Subjects 12nio. 1 

Eisslcr's Modem High Explosives Svo, 4 

Goesel's Minerals and Metals' A Reference Book 16mo, mor. 3 

Ihlseng's Manual of Mining. Svo, 5 

♦ lles's Lead Smelting 12mo, 2 

Peele's Compressed Air Plant for Mines Svo, 3 

Riemer'a Shaft Sinking Under Diffteitlt Conditions. (Corning and Peele. )8 vo, 3 

♦ Weaver’s Military Explosive!. Svo, 3 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten r2mo, 2 

Treatise on Practical and Theoretical Mine Ventilation i2mo. 1 
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SANITARY SCIENCE. 


.Association of State and National Pood and Dairy Departments, Hartford 


Meeting, 1006 Svo,. $3 

Jamestown Meeting. 1007 . .8vo, 3 

Bashore's Outlines of Practical Sanitation 12mo,- 1 

Sanitation of a Country House. ... i 12mo. 1 

Sanitation of Recreation Camps and Parks 12mo, 1 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) Svo, 3 

Water-supply Engineering % Svo, 4 

Fowler's Sewage Works Analyses 12mo, 2 

Fuertes’s Water-filtration Works 12mo, 2 

Water and Public Health ., 12mo, t 

Gerhard's Guide* to Sanitary Inspections .' 13mo, 1 

* Modem Baths and Ba^ Houses Svo, 3 

Sanitation of Public Buildings l3mo, 1 

* The Water Supply, Sewerage, and Plumbing of Modem City Buildings. • 

Svo, 4 

Hazen’s Clean Water and How to Get It Large. l2mo, 1 

Filtration of Public Water-supplies ' Svo, 3 

IQnnicut, Winslow and Pratt’s Purification of Sewage. (In Preparation.) 
Lea c h's Inspection and Analy.sis of Pood with Special Reference to State 

Control Svo, 7 

Ifason's Examination of Water. (Chemical and Bacteriological) 1 3mo, 1 

Water-supply. (Considereil principally from a Sanitary Standpoint). 

Svo, 4 

* Merriman's* Elements of Sanitary Engineering. . Svo, 2 

Ogden's Sewer Construction Svo, 3 

Sewer Design 1.2mo, 2 

Parsons's Disposal of Municipal Refuse Svoj^ 2 

Prescott and Winslow’s Elements of Watfr Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 1 

* Price’s Handbook on Sanitation 1 2mo, 1 

Richards's Cost of Cleanness 12ino, ] 

Cost of Pood. A Study in Dietaries, 12mo, 1 

Cost of Living as Modihed by Sanitary Science I3mo, 1 

Cost of Shelter 12mo, 1 

* Richards and Williams's Dietary Computer Svo, 1 

Richards and Woodman's Air, Water, and Pood from a Sanitary Stand- 
point Svo, 2 

* Richey’s Plumbers’, St earn -fit tors’, and Tinners’ Elation (Building 

Mechanics Rca<ly Reference Scries) 16mo. rnor. 1 

Ridcal’s Disinfection and the Preservation of Food Svo, 4 

Sevrage and Bacterial Purification of Sewage Svo, 4 

Soper’s Air and Ventilation of Subways 12mo. 2 

Tumeaurc ami Russell’s Public Water-supplies Svo, 5 

Venable's (tarbage Crematories in America Svo, 2 

Methoil and Devices for Bacterial Treatment of Sewage Svo, 3 

Ward and Whipple’s Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water , Svo, 3 

♦ Typhoifl Fever Large 12mo. 3 

Value of Pure Water Large 12mo, 1 

Winslow’s Systematic Relationship of the Coccaccic Large 12mo. 2 


MISCELLANEOUS. 

Emmons’s Geological Guide-book of the Rocky Mountain Excursion of the 


International Congress of Geologists Large Svo. 1 

Ferrel's Popular Treatise on the Winds Svo, 4 

Fitzgerald’s Boston Machinist ISnio. 1 

-Gannett's Statistical Abstract of the World 24 mo. 

Haines's American Railway Management 12mo, 2 

Ha n aus e k's The Microscopy of Technical Products. (Winton) Svo. 6 
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Jacobs’s Betterment Briefs. A Collection of Published Papers on Or- 
ganised Industrial Efficiency Svo. $3 

Metcalfe’s Cost of Manufactures, and the Administration of Workshops.. Svo, 5 

Putnam’s Nautical Charts Svo, 2 

Ricketts’s History of Rensselaer Polytechnic Institute 1824-1S94. 

^ Large 12mo. 3 

Rotherham’s Emphasised New Testament. Large Svo, 2 

Rust’s Ex-Meridian Altitude, Azimuth and Star-finding Tables Svo, 6 

Btandage’s Decoration of Wor>d, Glass, Metal, etc 1 2mo, 2 

Thome's Structural and Physiological Botany. (Bennett) l6mo, 2 

Westermaier’s Compendium of General Botany. (Schneider) Svo, 7 

Winslow’s Elements of Applied Microscopy 12mo, 1 


HEBREW AND CHALDEE TEXT-BOOOKS. 


Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Trcgelics.) .Small 4to, half mor, 5 00 

Green’s Elementary Hebrew Grammar. 12mo« 1 26 
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